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Abstract!
!Hip!fractures!pose!a!significant!burden!to!patients!and!the!healthcare!system.!Approximately!26,000!patients!are!admitted!to!Australian!hospitals!each!year!with!a!hip!fracture!and!this!number!is!expected!to!increase!due!to!Australia’s!ageing!demographic.!Most!of!these!fractures!are!managed!with!surgery!and!the!type!of!operation!depends!on!the!type!of!hip!fracture!sustained.!In!2013,!6,500!arthroplasty!surgeries!were!performed!for!femoral!neck!fracture.!There!is!variation!in!the!choice!of!fixation!method!and!prostheses!used!for!these!patients.!This!variation!reflects!both!the!heterogeneous!demographics!of!patients!who!sustain!these!fractures!and!the!equivocal!evidence!base!for!selection!of!prosthesis!and!fixation!method.!The!aim!of!this!study!was!to!assess!the!costHeffectiveness!of!hip!fractures!managed!with!arthroplasty!surgery,!typically!intracapsular!femoral!neck!fractures.!!The!objectives!of!the!study!were!the!following:!1.! Construct!a!model!to!evaluate!the!costHeffectiveness!of!using!different!surgical!interventions!among!different!hip!fracture!patient!populations.!!2.! Collect!data!to!inform!the!model,!evaluate!the!quality!of!the!data!and!! identify!the!strengths!and!limitations!of!the!model.!!3.! Evaluate!the!model!using!sensitivity!analysis!to!assess!the!effect!of!! uncertainty!on!outcomes.!!4.! Propose!how!stakeholders!may!use!information!from!the!analysis!to!! inform!decisionHmaking!in!healthcare!and!consider!how!further!research!! may!improve!the!certainty!and!applicability!of!this!research!!
Method!
!The!study!analysed!three!different!patient!groups.!The!groups!assessed!were!patients!aged!less!than!75years,!between!75!and!85!years!and!greater!than!85!years.!!
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!The!interventions!assessed!were:!Cemented!Modular!Unipolar!Hemiarthroplasty!(CMHA)!Uncemented!Modular!Unipolar!Hemiarthroplasty!(UMHA)!Cemented!Bipolar!Hemiarthroplasty!(CBHA)!Uncemented!Bipolar!Hemiarthroplasty!(UBHA)!Cemented!Total!Hip!Arthroplasty!(CTHA)!Uncemented!Total!Hip!Arthroplasty!(UTHA)!!For!each!intervention!group,!all!patients!within!the!age!group!received!only!one!type!of!arthroplasty.!The!costs!and!outcomes!of!each!of!the!intervention!groups!were!compared!to!baseline!practice!where!each!patient!group!received!a!mix!of!interventions.!!A!Markov!model!was!used!to!quantify!revision!surgeries,!dislocations,!QALY!scores!and!costs!over!a!5Hyear!period!for!each!intervention!group.!Data!was!taken!from!the!Australian!Orthopaedic!Association!National!Joint!Replacement!Registry!(AOANJRR),!the!Australian!Government’s!Private!Health!Insurance!Prosthesis!List,!health!service!and!hospital!inventory!data!and!the!literature.!Probabalistic!sensitivity!analysis!was!performed!to!account!for!uncertainty!in!the!data!parameters.!!!Two!measures!of!costHeffectiveness!were!assessed.!An!intervention!was!deemed!costHeffective!if!it!was!likely!to!achieve!an!Incremental!CostHEffectiveness!Ratio!(ICER)!of!less!than!$42,000!per!Quality!Adjusted!Life!Year!(QALY)!or!less!than!$37,000!per!revision!surgery!avoided.!!!The!application!of!the!results!to!clinical!decisionHmaking!was!considered!to!identify!areas!where!more!accurate!information!would!be!of!benefit!to!improve!the!clinical!validity!of!the!research.!! !
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!
Results!
!Cemented!prostheses!are!less!expensive,!achieve!greater!QALY!gains!and!lead!to!fewer!revision!surgeries!than!their!uncemented!counterparts!in!all!age!groups.!!! Results!differ!between!age!groups!and!also!depend!on!whether!revision!surgeries!or!QALY!scores!were!used!as!the!outcome!of!interest.!Interventions!that!may!be!costHsaving!at!the!time!of!initial!surgery!may!be!more!expensive!over!5!years!if!they!lead!to!greater!revision!surgeries.!!! CTHA!is!the!most!likely!intervention!to!be!costHeffective!in!all!age!groups!when!QALY!scores!are!the!measured!health!outcome.!!!CMHA!is!the!most!likely!intervention!to!be!costHeffective!for!patients!greater!than!75!years!when!revision!surgeries!performed!over!5!years!are!the!measured!outcome!of!interest.!CBHA!and!CTHA!are!the!most!likely!interventions!to!be!costHeffective!for!patients!less!than!7years!when!this!outcome!is!assessed.!!
Conclusion!
!Uncemented!arthroplasty!likely!leads!to!higher!costs,!more!revision!surgeries!and!lower!QALY!scores!compared!to!cemented!arthroplasty!for!all!age!groups!of!femoral!neck!fracture!patients.!!Results!on!costHeffectiveness!differ!for!each!patient!group!depending!on!the!outcomes!assessed.!!!A!major!limitation!of!this!study!is!its!inability!to!account!for!patient!demographics!other!than!age!and!this!will!limit!its!application!to!clinical!decisionHmaking.!!!Another!limitation!is!the!lowHpowered!evidence!used!to!inform!QALY!data.!However,!this!research!uses!the!best!available!evidence!and!demonstrates!a!
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discrepancy!between!costHeffectiveness!results!when!revision!surgeries!and!QALY!scores!are!assessed!as!outcome!measures.!!!Prosthesis!prices!are!known!to!be!variable!between!hospitals!and!large!differences!in!costs!may!affect!the!results.!!Scenario!analysis!can!be!performed!to!account!for!these!differences.!!!Further!research!on!identifying!methods!to!differentiate!patient!groups!in!a!clinically!meaningful!way!would!be!of!benefit!in!applying!this!model!to!healthcare!decisionHmaking.!More!robust!data!to!inform!QALY!outcomes!would!improve!the!certainty!of!this!study’s!conclusions.!This!research!would!be!worthwhile!as!this!study!demonstrates!significant!changes!in!costs!and!health!outcomes!between!different!prostheses.!!
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1 Chapter!1! Introduction!
1.1 Background!!Hip!fractures!are!a!major!health!burden!in!Australia!and!globally!and!this!burden!is!expected!to!increase!as!the!population!ages[1].!The!surgical!management!of!hip!fractures!is!a!key!component!of!patient!care!following!their!injury.!In!particular,!the!treatment!of!femoral!neck!fractures!with!arthroplasty!surgery!is!widely!accepted!with!6,521!such!operations!performed!in!Australia!in!2013[2,!3].!Variation!in!practice!is!evident!when!assessing!the!type!of!arthroplasty!and!fixation!method!performed!for!femoral!neck!fracture!patients.!Assessing!which!types!of!arthroplasty!and!fixation!methods!are!associated!with!better!health!outcomes!and!fewer!costs!may!help!decisionHmakers!determine!costHeffective!management!for!these!patients.!!!
1.2 Research!aims!and!objectives!!The!objectives!of!this!research!are:!Objective!1:! Construct!a!model!to!evaluate!the!costHeffectiveness!of!using!different!surgical!interventions!among!different!hip!fracture!patient!populations.!!Objective!2:! Collect!data!to!inform!the!model,!evaluate!the!quality!of!the!data!and!identify!the!strengths!and!limitations!of!the!model.!!Objective!3:! Evaluate!the!model!using!probabilistic!sensitivity!analysis!to!assess!the!effect!of!uncertainty!on!outcomes.!!!Objective!4:! Propose!how!stakeholders!may!use!information!from!the!analysis!to!inform!decisionHmaking!in!healthcare!and!consider!how!further!research!may!improve!the!certainty!and!applicability!of!this!research.!!
!
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This!research!aims!to!determine!which!types!of!arthroplasty!and!fixation!methods!are!costHeffective!in!the!treatment!of!femoral!neck!fractures!in!Australia.!It!will!incorporate!the!best!available!evidence!with!decision!analytic!modelling!methods!to!quantify!the!costs!and!health!outcomes!associated!with!different!prostheses!and!fixation!methods.!The!results!will!be!synthesised!to!inform!the!current!evidence!base!and!also!identify!areas!where!further!research!would!be!beneficial!in!making!informed!policy!decisions.!!
1.3 Implications!of!the!proposed!research!!Information!on!costHeffectiveness!would!assist!decisionHmakers!to!make!evidenceHbased!decisions!in!line!with!best!practice.!These!“decisionHmakers”!may!be!individual!surgeons!or!health!service!policy!makers.!CostHeffective!decisions!benefit!the!patient!directly!by!ensuring!they!receive!interventions!with!optimal!health!outcomes.!The!benefit!to!the!health!service!occurs!by!reducing!inefficiency!allowing!for!better!resource!investment!into!patient!care.!!!Research!into!costHeffectiveness!can!also!be!used!to!identify!areas!of!uncertainty!that!may!be!worth!investigating!further!to!enable!better!policy!decisions.!This!uncertainty!may!be!in!regards!to!costs,!outcome!measures,!baseline!practice!or!predictions!in!future!practice.!!
1.4 Structure!of!the!thesis!!This!thesis!will!be!presented!over!six!chapters,!the!first!being!this!chapter!providing!a!brief!introduction!to!the!research.!!The!second!chapter!reviews!the!literature!on!the!arthroplasty!management!of!femoral!neck!fractures!and!the!role!of!economic!evaluation!in!orthopaedic!practice.!Evidence!on!the!parameters!used!to!assess!the!costs!and!outcomes!of!the!interventions!are!explored!and!baseline!practice!is!defined.!!!
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The!third!chapter!describes!the!method!used!to!perform!the!research.!The!decision!analytic!model!is!described!and!the!data!parameters!used!to!inform!the!model!are!listed.!!!The!fourth!chapter!presents!the!results!of!the!research!in!tabular!form!with!the!assistance!of!costHeffectiveness!planes.!!The!fifth!chapter!synthesises!these!results!and!discusses!them!in!terms!of!health!outcomes,!costs!and!costHeffectiveness.!The!strengths!and!limitations!of!the!research!are!also!discussed.!!The!final!chapter!summarises!the!main!findings!and!describes!the!implications!of!the!findings!and!makes!suggestions!for!future!research.! !
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2 Chapter!2! Literature!Review!
2.1 Method!of!the!literature!review!!PeerHreviewed!publications!were!sought!from!Cochrane,!PubMed!and!Medline!to!inform!the!background,!methods!and!data!inputs!of!this!study.!Registries!and!clinical!guidelines!were!sought!by!focussed!search!of!institutional!and!government!sites.!Bibliographies!were!hand!searched!for!additional!material.!Formal!requests!for!data!were!made!to!the!Australian!Orthopaedic!Association!National!Joint!Replacement!Registry!(AOANJRR),!Metro!North!Clinical!Costing!and!Reporting!Office!and!Redcliffe!Hospital!Operating!Theatres.!Studies!used!to!inform!the!data!inputs!were!assessed!according!to!methodological!hierarchy,!study!setting,!patient!populations,!study!methods!and!relevance!to!the!focus!of!this!study.!!!
2.2 The!burden!of!hip!fractures!
2.2.1 Classification!of!hip!fractures!!The!hip!joint!is!formed!by!the!articulation!of!the!head!of!the!femur!with!the!pelvis!at!the!acetabulum.!Fractures!occurring!at!the!proximal!part!of!the!femur!are!commonly!referred!to!as!“hip!fractures”.!The!most!important!distinction!between!hip!fracture!types!is!whether!they!are!intracapsular!or!extracapsular,!see!Figure!2H1.!This!distinction!is!important!because!the!blood!supply!to!the!femoral!head!is!vulnerable!if!the!fracture!has!occurred!within!the!joint!capsule!as!the!anastomosis!supplying!the!head!from!a!distal!to!proximal!direction!may!be!damaged.!Intracapsular!fractures!are!referred!to!as!“femoral!neck!fractures”!and!many!classification!systems!exist!to!define!these!fractures.!The!most!important!feature!of!an!intracapsular!fracture!is!whether!it!is!undisplaced!or!displaced.!Undisplaced!fractures!(Garden!classification!Type!1!and!2)!are!more!likely!to!have!an!intact!blood!supply!to!the!femoral!head!than!displaced!fractures!(Garden!classification!Type!3!and!4)![4].!While!the!reliability!of!the!Garden!classification!system!has!been!debated,!observers!can!reliably!determine!undisplaced!from!displaced!fractures![5].!Extracapsular!fractures!can!be!intertrochanteric!or!subtrochanteric.!Table!2H1!outlines!the!typical!distribution!of!these!fracture!types.!The!type!of!fracture!is!an!important!consideration!when!determining!the!
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best!treatment!option.!This!study!investigates!the!management!of!intracapsular!femoral!neck!fractures!for!which!the!widely!accepted!treatment!method!is!arthroplasty!for!displaced!fractures!and!often!for!undisplaced!fractures!also.!
!
Figure!2a1!! Diagram!of!hip!fracture!types!
!Image!taken!from!National!Institute!of!Clinical!Excellence,!Hip$fracture:$the$
management$of$hip$fracture$in$adults.!2011,!NICE:!London[6].!
!
Table!2a1!! Distribution!of!hip!fracture!types[7]!
Type!of!fracture! Percentage!of!total!Intracapsular!(undisplaced)!Intracapsular!(displaced)!Extracapsular!(trochanteric)!Extracapsular!(subtrochanteric)!
12%!47%!36%!5%!!
2.2.2 Patient!demographics!Hip!fracture!is!a!major!public!health!problem!as!it!carries!significant!morbidity,!mortality!and!expense!to!the!health!system!and!community!at!large.!!The!Australian!National!Hospital!Morbidity!Database!(NHMD)!reports!there!were!25,890!hospital!admissions!for!femoral!neck,!intertrochanteric!and!
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subtrochanteric!hip!fractures!between!2012H2013![8].!Most!hip!fractures!occur!in!older!patients!with!only!3%!occurring!in!those!under!50!years![9,!10].!!!There!has!been!a!general!reduction!in!the!rate!of!hip!fractures,!however!the!number!of!fractures!each!year!is!increasing!due!to!population!growth!and!ageing![9].!It!is!estimated!there!will!be!a!45!to!75%!increase!in!admissions!for!hip!fractures!by!2031!so!this!pathology!will!continue!to!pose!a!large!burden!on!patients!and!the!healthcare!system![11].!!!
2.2.3 Surgical!management!of!hip!fracture!patients!
2.2.3.1 Intervention!options!!!Intracapsular!hip!fractures!can!be!treated!with!conservative!management,!internal!fixation,!hemiarthroplasty!(HA)!or!Total!Hip!Arthroplasty!(THA).!Internal!fixation!can!be!performed!using!cannulated!screw!fixation!or!Dynamic!Hip!Screw!(DHS).!Arthroplasty!may!be!cemented!or!uncemented.!!!Important!general!parameters!to!consider!when!assessing!each!intervention!are!postHoperative!mobility!and!independence,!pain,!patient!satisfaction!and!mortality.!Complications!specific!to!surgical!interventions!include!infection!and!anaesthetic!risks.!Complications!specific!to!internal!fixation!of!intracapsular!fractures!are!nonHunion,!malunion,!avascular!necrosis!(AVN)!and!irritation!from!the!metal!work.!These!complications!can!be!managed!conservatively!or!with!further!surgery!such!as!removal!of!hardware!or!arthroplasty.!Complications!specific!to!arthroplasty!include!dislocation,!loosening!of!the!prosthesis,!periHprosthetic!fracture,!Prosthetic!Joint!Infection!(PJI)!and!Bone!Cement!Implantation!Syndrome!(BCIS).!!!Conservative!management!involves!bed!rest!and!skeletal!traction!and!is!associated!with!a!high!rate!of!complications.!In!particular,!it!is!associated!with!high!rates!of!avascular!necrosis,!worse!functional!outcome!and!increased!mortality![12,!13].!!Conservative!management!is!pursued!only!for!patients!unfit!for!surgery!and!will!not!be!addressed!further!in!this!thesis.!
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!Internal!fixation!involves!reducing!the!fracture!to!an!anatomically!acceptable!position!and!providing!structural!support!with!metalwork!to!maintain!the!reduction!while!healing!occurs.!There!are!various!internal!fixation!methods.!Screw!fixation!involves!the!use!of!screws!to!secure!the!femoral!head!to!the!distal!part!of!the!bone.!DHS!involves!placement!of!a!screw!into!the!head!of!femur!with!a!plate!along!the!shaft!of!the!femur!causing!compression!at!the!fracture!site.!These!two!methods!have!been!found!to!have!similar!patient!outcomes!and!costs![14].!!!Internal!fixation!requires!the!femoral!head!to!maintain!a!sufficient!blood!supply!to!enable!healing!of!the!fracture!and!to!avoid!nonHunion!and!avascular!necrosis.!As!such,!this!method!is!employed!for!fractures!that!cause!minimal!disruption!to!the!femoral!head!blood!supply.!For!this!reason,!both!the!National!Institute!of!Clinical!Excellence!(NICE)!and!Scottish!Intercollegiate!Guidelines!Network!(SIGN)!guidelines!recommend!internal!fixation!for!undisplaced!fractures!only![15,!16].!This!intervention!is!occasionally!considered!for!patients!with!displaced!fractures!if!they!are!considered!too!frail!to!tolerate!arthroplasty!surgery.!Complication!rates!of!AVN,!nonHunion!and!malunion!are!considered!too!high!to!perform!this!intervention!for!patients!with!displaced!fractures!who!would!tolerate!arthroplasty!surgery![17].!It!has!been!shown!to!be!more!expensive!than!arthroplasty!and!leads!to!higher!reHoperation!rates!and!so!will!not!be!considered!as!an!option!in!this!thesis[18,!19].!!HA!involves!resecting!the!femoral!head!and!replacing!it!with!a!prosthesis.!THA!involves!resecting!the!femoral!head!and!preparing!the!acetabular!surface!of!the!pelvis!for!a!prosthesis!to!be!implanted!on!both!articular!surfaces!of!the!joint.!Arthroplasty!is!used!when!the!femoral!head!is!thought!to!have!a!compromised!blood!supply!as!occurs!in!displaced!femoral!neck!fractures![15].!There!is!evidence!to!suggest!active!patients,!however,!have!worse!functional!outcome!and!patient!satisfaction!after!HA!than!THA!and!hence!NICE!guidelines!recommend!patients!with!displaced!femoral!neck!fractures!with!good!preHmorbid!mobility!receive!THA![13,!15].!This!recommendation!is!founded!on!evidence!
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demonstrating!better!functional!outcome!and!lower!revision!rates!compared!to!internal!fixation!and!hemiarthroplasty![20].!However,!no!RCTs!have!compared!HA!and!THA!in!patients!other!than!those!who!were!cognitively!intact!and!independently!mobile!prior!to!their!fracture.!Therefore,!it!is!uncertain!which!intervention!leads!to!better!health!outcomes!in!femoral!neck!fracture!patients!and!so!the!use!of!HA!and!THA!is!variable!amongst!hospitals!and!clinicians.!It!is!noteworthy!the!UK’s!National!Hip!Fracture!Database!annual!report!of!2015!reports!that!only!26.1%!of!eligible!patients!receive!a!THA!after!their!femoral!neck!fracture!and!this!may!be!because!of!a!lack!of!consensus!on!the!issue[21]!!There!are!three!types!of!hemiarthroplasty:!monoblock!unipolar,!modular!unipolar!(MHA)!and!bipolar!hemiarthroplasty!(BHA).!All!three!replace!just!the!femoral!component!of!the!hip!joint!which!is!made!up!of!the!stem,!neck!and!head.!!Monoblock!prostheses!are!made!of!a!single!prosthetic!component!which!comprises!the!stem,!head!and!neck.!Three!brands!exist:!AustinHMoore,!Thompson’s!and!the!Exeter!Trauma!Stem.!They!can!be!cemented!or!uncemented!and!offer!minimal!sizing!options.!Cohort!and!RCT!studies!have!shown!worse!functional!outcomes!after!monoblock!prostheses!and!revision!rates!are!also!higher!following!monoblock!HA![22,!23].!Whilst!some!studies!have!suggested!no!significant!difference!between!monoblock!and!other!HA!prostheses,!the!general!consensus!is!these!stems!are!used!in!lowHdemand,!elderly!patients!where!the!priority!is!on!obtaining!shortHterm!relief!of!the!fracture!rather!than!achieving!longHterm!functional!goals!due!to!poor!expected!life!expectancy[15,!24,!25].!!Modular!HA!is!comprised!of!three!separate!components:!the!stem,!femoral!neck/sleeve!and!the!femoral!head.!This!allows!greater!range!of!sizing!options!including!multiple!offset!options.!Bipolar!HA!is!comprised!of!3!separate!components:!the!stem,!femoral!head!and!bipolar!head.!The!bipolar!head!is!thought!to!reduce!acetabular!erosion!and!associated!symptoms!by!absorbing!load!and!torque!from!the!femoral!head!through!the!bipolar!head!rather!than!at!the!femoral!headHacetabular!interface[23].!Parker’s!Cochrane!review!found!no!significant!difference!in!acetabular!erosion!between!unipolar!and!bipolar!HA!
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although!there!was!a!trend!towards!greater!erosion!following!unipolar!HA[26].!The!review!also!found!no!significant!difference!between!dislocation!rates,!reHoperations,!sepsis,!mortality!and!failure!to!regain!mobility.!!An!important!consideration!when!performing!arthroplasty!is!whether!cement!is!used!to!form!a!bond!between!the!prosthesis!and!bone.!Uncemented!arthroplasties!rely!on!bony!ingrowth!to!create!this!bond.!The!alternative!option!is!the!use!of!polymethylmethacrylate!(PMMA)!bone!cement!to!create!an!almost!immediate!bond![26].!The!femoral!stem!and!acetabular!cup!can!be!cemented!or,!in!a!“hybrid”!procedure,!only!one!component!is!cemented!(usually!the!femoral!stem).!NICE!guidelines!recommend!the!use!of!cement!as!there!is!evidence!to!show!it!is!costHeffective!with!lower!revision!rates!and!better!functional!outcomes![15].!However,!in!Australia,!22%!to!27%!of!patients!continue!to!receive!uncemented!prostheses!following!their!femoral!neck!fracture,!as!seen!in!Figures!2H3,!2H4!and!2H5.!!The!universal!use!of!cemented!prostheses!appears!to!be!inhibited!by!concern!for!periHoperative!mortality!and!cardioHrespiratory!complications!as!well!as!belief!that!the!functional!benefits!of!cement!are!modest![27,!28].!For!simplicity,!this!study!has!not!analysed!hybrid!procedures!as!their!revision!rates!are!higher!than!fully!cemented!prostheses!and!they!are!more!expensive!because!they!use!an!uncemented!acetabular!component.!Therefore,!they!can!be!assumed!to!be!less!costHeffective!than!the!more!commonly!used!cemented!THA[2].!!!!!Bone!Cement!Implantation!Syndrome!(BCIS)!is!of!particular!interest!as!there!are!concerns!the!insertion!of!cement!into!the!femoral!canal!can!precipitate!a!constellation!of!pathophysiological!changes!including!cardiorespiratory!compromise!and!death![27].!Recent!observational!data!from!the!UK!shows!BCIS!may!occur!in!up!to!19%!of!patients!undergoing!cemented!arthroplasty!for!femoral!neck!fractures!with!serious!cardiorespiratory!compromise!occurring!in!3.2%![29].!However,!four!metaHanalyses!comparing!cemented!and!cementless!hemiarthroplasties!for!femoral!neck!fractures!show!no!significant!difference!in!mortality!between!the!two!options![26,!30H32].!Furthermore,!registry!data!has!
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shown!cemented!prostheses!to!have!improved!revision!rates!compared!to!their!uncemented!counterparts!in!femoral!neck!fracture!patients[2,!33].!!
2.2.3.2 Baseline!practice!!Figure!2H2!is!taken!from!the!AOANJRR!2013!Report!and!outlines!the!change!in!practice!since!2003!in!regards!to!prosthesis!selection!for!femoral!neck!fractures.!The!use!of!monoblock!prostheses!has!declined!while!unipolar!modular!prostheses!have!increased!reflecting!guideline!recommendations!and!registry!results!demonstrating!higher!revision!rates!following!monoblock!prostheses.!Simiarly,!the!use!of!bipolar!prostheses!have!decreased!while!THA!has!increased,!although!to!a!much!lesser!extent!than!the!change!in!monoblock!and!modular!prostheses.!!Figures!2H3,!2H4!and!2H5!demonstrate!the!number!of!hip!fractures!for!each!age!group!treated!with!arthoplasty!in!2013!and!the!proportion!of!each!treatment!and!fixation!methods.!
Figure!2a2!! Proportion!of!primary!hip!arthroplasty!by!class!for!femoral!
! ! neck!fracture!over!time![2]!
!
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ARTHROPLASTY MANAGEMENT OF  
FRACTURED NECK OF FEMUR 
 
Introduction 
The Registry has previously reported that the 
approach to arthroplasty management of fractured 
neck of femur patients has changed over the last 
decade. The purpose of this analysis is to highlight the 
trends in utilisation and provide a comprehensive 
report on the comparative outcome of the different 
classes of arthroplasty prostheses used for the 
management of this condition.  
 
Data on usage, the outcomes of revision and mortality 
are reported for all procedures. Data are also reported 
for three different age groups (<70, 70-79 and ≥80 
years). Additionally, in each of these age groups, the 
effect of fixation (for each class of arthroplasty 
prostheses) and femoral head size (for primary total 
conventional hip replacement) has also been 
examined.
 
 
 
 
 
Fractured Neck of Femur (All Patients)  
Usage 
The Registry has data on 65,891 primary hip 
arthroplasty procedures with a diagnosis of fractured 
neck of femur. Most are partial hip replacements and 
include unipolar monoblock (36.0%), unipolar modular 
(32.0%) and bipolar replacement (17.1%). Primary 
total conventional hip replacement accounts for the 
remaining 14.9% of procedures.    
 
Between 2003 and 2012, the use of unipolar 
monoblock and bipolar hip replacement reduced from 
52.0% and 24.6% to 19.1% and 13.8% respectively. 
Over the same time, unipolar modular and total 
conventional hip replacement increased from 13.2% 
and 10.2% to 48.1% and 18.9% respectively (Figure 
F1). 
 
Figure F1:   Primary Hip Replacement by Class 
(Primary Diagnosis Fractured NOF) 
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Table!2a2!! Legend!describing!arthroplasty!types!for!Figures!2a3,!2a4!and!
! ! 2a5!
Label! Type!of!arthroplasty!THA! Total!Hip!Arthroplasty!BHA! Bipolar!Hemiarthroplasty!MHA! Modular!Hemiarthroplasty!Monoblock! Monoblock!Hemiarthroplasty!!
!!
Figure!2a3!! Types!of!arthroplasty!performed!for!patients!aged!<75!years!
! ! in!2013[3]!
!! !
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Figure!2a4!! Types!of!arthroplasty!performed!for!patients!aged!75a85!!
! ! years!in!2013[3]
!
Figure!2a5!! Types!of!arthroplasty!performed!for!patients!aged!>85!years!
! ! in!2013[3]!
!
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2.2.3.3 Factors!contributing!to!variance!in!practice!!Variance!in!prosthesis!choice!is!a!reflection!of!the!uncertainty!in!best!practice!for!these!fracture!patients.!Guidelines!have!been!formulated!however!these!guidelines!do!not!address!all!patient!groups!and!are!formulated!from!low!to!medium!quality!evidence.!This!is!a!reflection!of!the!currently!available!evidence!which!generally!finds!trends!in!outcomes!but!few!statistically!significant!findings.!For!example,!a!metaHanalysis!performed!by!Parker!et!al!assessed!23!RCTs!of!2,861!patients!who!underwent!arthroplasty!for!proximal!femur!fracture!to!assess!differences!between!arthroplasty!choice[26].!The!analysis!found!few!significant!differences!in!its!findings!due!to!a!prevalence!of!lowHpowered!studies.!A!compounding!factor!is!the!heterogeneity!of!femoral!neck!fracture!patients!which!makes!the!applicability!of!studies!of!generic!patient!groups!difficult.!Furthermore,!surgeon!and!hospital!preferences!play!a!role!in!the!variability!in!practice.!Having!identified!such!a!wide!practice!variation,!the!investigation!of!which!prostheses!are!associated!with!better!outcomes!and!less!costs!would!be!beneficial!in!guiding!decisionHmakers!in!this!area.!!
2.2.4 Existing!evidence!on!the!costaeffectiveness!of!!surgical!
! interventions!for!femoral!neck!fracture!management!!No!Australian!studies!were!found!assessing!the!costHeffectiveness!of!arthroplasty!choice!or!fixation!method.!A!selection!of!studies!performed!assessments!in!other!health!systems!and!are!discussed!below.!These!studies!are!prone!to!bias!in!the!selection!and!measurement!of!costing!and!health!outcome!parameters!and!must!be!interpreted!with!caution!in!the!context!of!a!health!system!for!which!they!were!not!performed.!The!general!consensus!of!these!studies,!however,!are!of!relevance!when!similar!findings!have!occurred.!!NICE!has!performed!cost!analysis!of!the!arthroplasty!management!of!femoral!neck!fractures.!The!analysis!compared!the!cost!of!internal!fixation!and!arthroplasty!and!also!cemented!and!uncemented!prostheses.!The!cost!of!arthroplasty!included!the!average!cost!of!HA!and!THA!including!followHup!surgery[34].!
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!It!found!arthroplasty!to!be!costHsaving!compared!to!internal!fixation!and!noted!the!savings!occurred!largely!due!to!avoidance!of!reHoperation.!This!finding!has!been!supported!in!RCTs!and!health!economic!studies[35,!36].!!Cemented!prostheses!were!found!to!be!less!expensive!than!uncemented!when!the!cost!of!the!implants,!accessories,!length!of!stay,!reHoperations!and!extra!theatre!time!was!considered.!See!Table!2H3.!!
Table!2a3!!! Summary!of!cost!components!for!cemented!and!uncemented!
! ! prostheses!from!the!NICE!hip!fracture!costing!report![34]!! Cemented!implants!(£)! Uncemented!implants!
(£)!Implants! 384! 789!Accessories!costs!for!cemented!implants! 249! H!Length!of!stay! 1872! 2016!ReHoperations! 101! 118!Incremental!theatre!costs!for!cemented!group! 254! H!Total!costs! 2860! 2923!!These!findings!led!to!a!high!priority!recommendation!of!the!analysis!advocating!the!use!of!arthroplasty!for!all!displaced!intracapsular!femoral!neck!fractures.!!The!NICE!analysis!estimates!an!annual!costHsaving!of!!£5,994,000!would!occur!in!the!UK!if!baseline!practice!changed!to!full!implementation!of!the!recommendation.!!The!guideline!also!recommends!the!use!of!cemented!prostheses!although!this!was!not!a!key!priority.!The!cost!analysis!estimated!an!annual!saving!of!£690,000!with!change!from!current!practice,!where!63%!of!patients!receive!cemented!
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prostheses,!to!100%!cemented.!Low!quality!evidence!also!suggested!cemented!prostheses!may!have!less!pain!and!fewer!revision!surgeries.!!!NICE!guidelines!recommend!the!use!of!cemented!THA!for!patients!who!were!independently!mobile!with!intact!cognition!prior!to!their!fracture.!However,!this!recommendation!is!founded!on!lowHquality!evidence!and!is!not!accompanied!by!a!costHanalysis!comparing!HA!and!THA.!!The!guidelines!are!implemented!in!the!UK’s!National!Health!Service!hospitals!with!the!aim!of!achieving!costHeffective!care!for!patients.!Whilst!not!directly!applicable!to!the!Australian!health!system,!the!NICE!guidelines!are!generally!regarded!as!the!most!thorough!analyses!pertaining!to!the!costHeffective!implementation!of!best!practice!in!a!public!health!system!and!are!therefore!of!interest!when!considering!best!practice!in!Australian!healthcare.!!Santini!et!al!compared!the!costs!of!cemented!and!uncemented!prostheses!in!an!RCT[37].!It!assessed!the!prosthesis!cost,!length!of!stay,!medical!and!nursing!staff,!drugs!and!diagnostic!procedures.!The!followHup!period!was!1!year!so!the!effect!of!future!operations!was!not!considered.!It!found!cemented!prostheses!(€1065)!less!expensive!than!uncemented!(€1980).!!Keating!et!al!performed!an!RCT!comparing!IF,!HA!and!THA!in!previously!fit!patients!greater!than!60!years!with!displaced!femoral!neck!fractures[38].!The!study!included!a!costHutility!analysis!assessing!the!prosthesis!costs,!hospital!admission,!theatre!costs!and!reHoperations.!It!found!IF!to!be!the!most!expensive!intervention!and!THA!to!dominate!in!terms!of!costHeffectiveness.!The!costs!over!the!2!year!followHup!period!comparing!HA!and!THA!are!detailed!in!Table!2H4.!!!! !
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Table!2a4!! Mean!costs!over!2!years!associated!with!HA!and!THA!taken!
! ! from!Keating!et!al[38]!! HA!(£,!95%CI)! THA!(£,!95%CI)!Mean!hipHrelated!costs1! 11,515!(8,621H14,409)! 9,399!(8,265H10,532)!Mean!total!costs2! 15,263!(11,300H!19,225)! 12,253!(10,227H14,278)!!Iorio!et!al!compared!internal!fixation,!monopolar!HA,!bipolar!HA!and!THA!in!patients!greater!than!65!years!in!a!costHeffectiveness!analysis!compiled!from!literature!review[39].!The!study!assessed!complication!rates,!mortality,!reoperation!rates,!function!and!rehabilitation!costs!over!a!2Hyear!postHoperative!period!using!evidence!from!the!literature.!The!study!found!THA!to!be!the!most!costHeffective!with!lower!costs!and!better!functional!outcomes.!The!costs!are!described!in!Table!2H5.!!
Table!2a5!! Costs!incurred!over!2!years!after!femoral!neck!fracture!for!
! ! each!prosthesis3,!taken!from!Iorio!et!al[39]!
Prosthesis! Cost!over!2!years!4!(US$)!IF!Unipolar!Bipolar!Cemented!THA!Hybrid!THA!
24,606!21,597!22,043!20,670!21,066!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!1!Includes!initial!inpatient!episode!and!hipHrelated!admissions!over!2!years!2!Includes!initial!inpatient!episode,!hipHrelated!admissions!and!nonHhipHrelated!admissions!over!2!years!3!Includes!initial!inpatient!episode,!rehabilitation!costs,!reHoperations!and!complications!4!Prosthesis!and!inpatient!costs,!rehabilitation!costs,!dislocation,!revision!surgery!
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CostHeffectiveness!analysis!by!Slover!et!al!compared!THA!and!HA!for!the!management!of!displaced!femoral!neck!fractures!in!a!theoretical!cohort!of!patients!aged!70!years!who!were!active!and!otherwise!well!prior!to!their!fracture[40].!They!used!a!Markov!model!to!quantify!the!costs!and!utility!associated!with!the!arthroplasty!choice!and!revision!rates.!The!study!found!the!increased!initial!cost!of!THA!was!offset!by!improved!QALY!scores!with!an!ICER!of!$1,960!per!QALY.!The!QALY!scores!were!taken!from!Keating!et!al’s!RCT.!
Tripuranenini!et!al!compared!the!costs!of!cemented!and!uncemented!HA!for!femoral!neck!fracture!patients!in!a!retrospective!cohort!study!assessing!prosthesis!and!cementing!products!prices,!extra!operating!time!and!complications[41].!In!contrast!to!findings!from!other!studies,!a!cost!saving!of!$1161!per!patient!was!found!when!cementless!products!were!used!with!no!difference!in!complication!rates.!The!difference!in!price!was!largely!due!to!high!costs!for!fixation!accessories!and!extra!operating!time.!These!costs!are!not!included!in!all!studies!and!are!vulnerable!to!subjective!quanitification!of!their!value.!!
Bhandari!et!al’s!“HEALTH”!trial!is!a!multicentre,!randomised!controlled!trial!where!1434!patients,!50!years!of!age!or!older,!with!displaced!femoral!neck!fractures!from!international!sites!are!randomised!to!receive!either!THA!or!HA[42].!The!primary!outcome!is!unplanned!secondary!procedures!and!the!secondary!outcomes!include!functional!outcomes,!patient!quality!of!life,!mortality!and!hipH!related!complications!with!a!followHup!period!of!two!years!The!results!of!this!study!will!contribute!significantly!to!the!evidence!base!if!the!methodological!rigour!described!is!maintained.!In!summary,!the!evidence!base!so!far!has!found!differences!in!costs!between!prostheses!with!revision!surgeries!and!cost!of!the!initial!surgery!contributing!to!these!differences.!Mostly,!cemented!prostheses!have!been!found!to!be!cheaper!than!uncemented.!Combined!with!a!recognized!trend!in!better!health!outcomes!and!revision!rates,!the!evidence!suggests!cemented!prostheses!appear!to!be!costHeffective.!Similarly,!THA!may!be!costHeffective!compared!to!HA!although!this!has!not!been!rigourously!tested.!No!study!has!compared!the!expected!changes!in!
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costs!and!health!outcomes!over!an!extended!time!course!that!may!occur!if!current!practice!is!changed!to!reduce!variance!in!practice!incorporating!current!evidence!to!determine!costs!and!health!outcomes.!!
2.3 Theory!of!economic!evaluation!
2.3.1 Economic!evaluation!in!healthcare!!Economic!evaluation!in!healthcare!uses!a!systematic!approach!to!quantify!the!resource!use!and!health!outcomes!associated!with!healthcare!interventions!to!inform!decision!makers!in!selecting!treatment!options!to!optimise!healthcare!efficiency.!Even!in!a!wellHfunded!healthcare!system,!scarcity!of!resources!is!a!driving!factor!to!implement!costHeffective!health!care!interventions.!Expensive!or!ineffective!interventions!may!be!used!at!the!expense!of!opportunity!costs!that!would!be!of!greater!benefit!elsewhere.!!!!The!perspective!of!an!economic!evaluation!is!an!important!consideration!to!make!as!this!may!affect!the!parameters!considered!for!assessment.!!!
2.3.2 Economic!evaluation!methods!
2.3.2.1 Trialabased!and!decision!analytic!models!!Two!main!methods!of!economic!evaluation!are!commonly!used.!The!first,!trialHbased!economic!evaluation,!involves!running!a!clinical!trial!while!collecting!relevant!economic!data!to!inform!the!economic!evaluation!aspect!of!the!trial.!The!second!method,!decision!analytic!modelling,!synthesises!the!best!available!evidence!to!inform!the!parameters!of!an!economic!model.!Decision!trees!and!Markov!models!are!examples!of!such!models[43].!!The!strength!of!trialHbased!studies!lies!in!the!clinical!validity!of!a!prospective!randomised!study!to!assess!the!effect!of!an!intervention!on!a!defined!patient!group.!However,!there!a!many!limitations!to!this!method!that!mean!it!is!often!impractical!to!inform!decisionHmaking.!Firstly,!Randomised!Controlled!Trials!(RCTs)!are!the!goldHstandard!of!clinical!trials!and!are!often!prohibitively!expensive!to!perform!on!large!groups!of!patients!for!a!prolonged!followHup!
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period.!The!trial!setting!itself!may!not!be!replicated!in!realHworld!clinical!environments.!Essentially,!the!findings!of!these!studies!can!be!insufficient!to!inform!decisionHmaking!in!regards!to!economic!questions.!!!Decision!analytic!models!have!the!benefit!of!investigating!multiple!parameters!using!the!best!available!evidence!to!determine!the!ultimate!costs!and!health!outcomes!associated!with!an!intervention.!This!strength!is!also!a!weakness!as!the!results!are!subject!to!bias!in!the!selection!of!parameters!to!be!addressed!and!also!selection!of!evidence!to!inform!these!parameters.!Furthermore,!the!use!of!multiple!different!data!sources!and!the!manipulation!of!such!data!to!fit!the!model!may!compromise!the!clinical!validity!of!the!findings.!!Sensitivity!analysis!can!be!performed!using!decision!analytic!models!to!account!for!the!effect!of!uncertainty!of!data!inputs,!however!this!remains!subject!to!bias!in!the!selection!of!data.!Ultimately,!best!practice!and!transparency!in!methods!and!data!selection!must!be!employed!to!ensure!the!model!can!be!employed!to!inform!decisionHmaking!in!combination!with!the!clinical!evidence!base[43].!!Markov!models!are!an!example!of!a!decision!analytic!model!and!have!been!used!in!this!study.!The!outcomes!of!a!group!of!patients!after!a!defined!intervention!can!be!assessed!over!a!specified!time!frame.!After!an!intervention,!patients!can!occupy!clinically!relevant!health!states!as!selected!by!the!researcher.!The!likelihood!of!a!patient!occupying!a!certain!health!state!is!defined!by!a!transition!probability.!Each!state!is!assigned!a!cost!and!utility!value.!Each!cycle!occurs!over!a!specified!timeHframe!and!patients!either!move!or!stay!in!the!same!state!at!the!end!of!each!cycle!according!to!the!prescribed!transition!probability.!At!the!end!of!the!study!period,!the!total!costs!and!health!outcomes!accrued!by!each!patient!group!can!be!compared!to!determine!the!costHeffectiveness!of!each!intervention[43].!!! !
Chapter!2!Literature!Review!
20!
2.3.2.2 Uncertainty!!There!are!four!types!of!uncertainty!recognised!in!decision!analytic!modelling[43,!44].!!!Methodological!uncertainty!pertains!to!the!application!of!a!selected!evaluation!method!to!the!specified!question.!!!Parameter!uncertainty!relates!to!the!uncertainty!associated!with!the!data!inputs!for!the!parameters!selected.!!!Modelling!uncertainty!arises!from!the!execution!of!the!model!and!assumptions!made!to!integrate!the!timeHcourses!and!parameters.!!!Generalisability/!transferability!uncertainty!arises!in!considering!whether!the!study!is!applicable!to!other!clinical!settings.!!!Probabalistic!Sensitivity!Analysis!(PSA)!can!be!performed!to!account!for!parameter!uncertainty.!The!transition!probabilities,!costs!and!utility!values!can!be!assigned!a!probability!distribution!around!a!mean!value!defined!by!the!researcher!and!multiple!simulations!of!the!model!can!be!run!to!determine!the!spectrum!of!results!within!the!prescribed!possible!values.!!!Sensitivity!and!scenario!analysis!can!be!used!to!account!for!the!other!types!of!uncertainty!in!the!methodology!of!the!evaluation.!The!general!principle!of!these!analyses!is!to!perform!a!base!case!and!then!compare!it!to!an!alternative!where!the!uncertain!aspect!has!been!managed!in!an!alternative!manner.!The!difference!in!results!is!then!analysed!to!determine!if!this!change!is!clinically!meaningful.!As!previously!mentioned,!the!selection!of!health!states,!time!frame!and!data!inputs!are!subject!to!bias!and!their!clinical!validity!may!be!debated!by!other!stakeholders.!Scenario!analysis!allows!these!variables!to!be!revised!and!the!model!run!with!the!altered!method!to!enable!comparison!and!determine!the!effect!of!these!decisions!on!the!results.!!
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2.3.2.3 Discounting!!When!assessing!costs!and!utility!over!a!prolonged!period!of!time,!the!role!of!discounting!is!widely!accepted[43,!45].!As!stakeholders!are!likely!to!value!immediate!costs!and!health!gains!in!the!immediate!future!rather!than!at!a!later!date,!the!value!of!delayed!health!benefits!and!expenses!are!discounted!to!reflect!this.!The!WHO!suggests!using!a!discount!rate!of!3%!per!annum!and!this!value!is!reflected!elsewhere!in!the!literature!and!so!has!been!used!for!this!research[45].!!
2.3.2.4 WillingnessaToaPay!!!The!WillingnessHtoHpay!ratio!is!the!amount!of!money!a!stakeholder!is!willing!to!pay!for!a!gain!in!a!quantifiable!health!outcome.!There!are!many!ways!of!determining!a!WTP!ratio!and!an!important!factor!is!the!perspective!from!which!the!analysis!is!being!performed.!An!individual!financing!their!own!healthcare!may!have!a!different!WTP!than!a!government!funding!a!large!health!system.!Theoretical!estimations!of!appropriate!WTP!ratios!have!been!discussed!in!the!literature!and!methods!of!determining!an!individual’s!WTP!have!been!trialled[46].!!!!Although!institutions!and!governments!do!not!set!mandatory!WTP!ratios!as!a!cutHoff!for!approving!interventions,!trends!can!be!identified!in!the!practice!of!some!government!bodies.!Pharmaceutical!Benefits!Advisory!Counsel!(PBAC)!is!a!major!healthcare!institution!which!assesses!the!efficacy!and!costs!of!therapies!before!approving!them!for!listing.!It!has!been!recognised!that!PBAC!is!unlikely!to!reject!a!therapy!for!listing!if!it!yielded!an!extra!QALY!for!less!than!$42,000[47].!A!practical!estimation!of!a!WTP!ratio!appropriate!to!the!perspective!from!which!the!analysis!is!undertaken!is!intuitively!beneficial!and!so!this!figure!has!been!used!in!this!research.!!!
2.3.3 Results!analysis!!!Health!economic!studies!provide!information!on!the!costs!and!health!outcomes!of!interventions.!Importantly,!this!information!should!be!compared!to!a!baseline!intervention,!such!as!current!practice,!to!enable!decision!makers!to!consider!the!
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incremental!effects!of!selecting!an!alternative!intervention!over!the!default!option.!A!costHeffectiveness!plane!allows!a!lot!of!information!to!be!portrayed!in!one!format.!This!plane!uses!a!scatter!plot!format!to!portray!the!results!of!multiple!simulations!for!each!comparator!intervention!compared!to!baseline!practice.!!Firstly,!the!x!and!y!intercept!is!the!baseline!intervention.!On!the!xHaxis,!the!change!in!health!outcomes!is!plotted!and!on!the!yHaxis!the!change!in!costs!are!plotted.!These!data!points!may!fall!in!one!of!the!four!quadrants!described!in!Figure!2H6.!If!all!the!data!points!for!one!intervention!fall!in!the!southHeast!quadrant!then!that!intervention!is!said!to!dominate.!Similarly,!if!all!data!points!fall!in!the!northHwest!quadrant!then!that!intervention!is!dominated!by!the!baseline!intervention.!The!northHeast!and!southHwest!quadrants,!however,!are!not!so!clear.!They!represent!points!at!which!an!intervention!may!be!more!expensive!but!produce!greater!health!outcomes!or!viceHversa.!Data!points!in!these!quadrants!may!still!represent!costHeffective!interventions,!however,!if!they!fall!below!the!WTP!Line.!This!line!is!formed!by!multiples!of!the!WTP!ratio,!determined!by!the!researcher!(discussed!above).!Data!points!below!this!line!will!be!costHeffective!although!they!may!occur!at!greater!expense!or!create!poorer!health!outcomes!than!the!baseline!practice.!!
! !
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Figure!2a6!! Costaeffectiveness!plane!!!!! !!!!!!
!!
!
! !
!!!
2.3.4 Limitations!!The!limitations!of!health!economic!studies!must!be!understood!prior!to!applying!the!findings!to!clinical!decisionHmaking.!!Decision!makers!must!consider!the!transferability!of!the!study!to!their!own!clinical!scenario.!Important!factors!to!consider!are!the!relevance!of!the!population!studied,!the!clinical!question!addressed,!the!perspective!from!which!the!analysis!was!performed!and!whether!the!data!used!is!likely!to!be!representative!of!their!own!population.!!!The!strength!of!conclusions!from!the!study!will!be!affected!by!the!quality!of!data!used!to!inform!the!model.!Uncertainty!in!data!parameters!is!expected!in!healthcare!given!the!complexity!of!patient!and!system!variables,!however!there!are!methods!of!incorporating!this!uncertainty!in!the!analysis!as!previously!
ΔHealth!outcomes!
Δ!Costs!
More!expensive,!greater!health!outcomes!
Dominant!CostHsaving!and!greater!health!outcomes!
Dominated!More!expensive,!fewer!health!outcomes!
CostHsaving,!!fewer!health!outcomes!
WTP!Line!
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discussed.!DecisionHmakers!should!interpret!the!evidence!used!to!inform!the!model!to!objectively!assess!if!the!uncertainty!is!reflective!of!that!expected!from!a!complex!clinical!scenario!or!whether!the!uncertainty!is!associated!with!lowHpowered,!inconclusive!research.!If!the!latter!is!the!case,!the!value!of!further!research!to!clarify!parameters!should!be!considered.!!Furthermore,!methodological!and!data!selection!decisions!are!subject!to!bias!from!the!investigators.!The!studies!used!to!inform!data!inputs!are!themselves!subject!to!bias.!!Again,!analytical!evaluation!of!the!evidence!is!important!when!applying!the!conclusions!of!the!study.!!Acknowledgement!of!these!limitations!when!considering!the!applicability!of!these!studies!in!answering!a!clinical!question!enables!the!decision!maker!to!objectively!integrate!the!findings!into!their!own!clinical!environment.!!
2.4 Complications!and!mortality!after!surgery!
2.4.1 Mortality!!
2.4.1.1 Mortality!compared!to!the!general!population!!LowHenergy!hip!fractures!are!associated!with!high!mortality!rates!due!to!the!initial!traumatic!event;!the!sequelae!of!hospitalisation!and!surgery;!and!the!underlying!demographics!of!patients!who!are!prone!to!sustain!fragility!fractures.!Regardless!of!the!patient’s!age!at!the!time!of!fracture,!hip!fracture!patients!have!been!shown!to!have!significantly!increased!mortality!rates!compared!to!the!general!population!and!this!mortality!risk!remains!elevated!after!the!primary!event!(see!Figure!2H7)![48,!49].!!Kanis!et!al!performed!an!analysis!of!the!National!Swedish!Registry!to!compare!158,589!hip!fracture!patients!with!the!general!population![49].!The!analysis!found!17H32%!of!deaths!in!hip!fracture!patients!can!be!attributed!directly!to!the!fracture!itself.!The!remaining!discrepancy!in!mortality!rates!between!hip!fracture!patients!and!the!general!population!is!probably!due!to!underlying!coHmorbidities!prevalent!in!the!hip!fracture!population.!For!this!reason,!mortality!rates!for!hip!fracture!patients!must!be!
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determined!from!dedicated!hip!fracture!datasets!and!not!from!generic!population!mortality!rates.!!
Figure!2a7! Pattern!of!mortality!in!the!general!population!and!following!
! ! hip!fracture![49]!!
!!!The!mortality!of!hip!fracture!patients!is!variable!depending!upon!certain!patient!characteristics.!Analysis!of!the!NHFD!assessed!36,556!patients!who!were!admitted!to!hospital!for!hip!fracture[50].!The!following!parameters!were!assessed!to!determine!their!effect!on!predicting!death!at!discharge:!the!patient’s!living!circumstances!prior!to!admission,!preHfracture!mobility;!type!of!fracture;!type!of!surgery!performed;!ASA!grade;!type!of!arthroplasty!performed;!method!of!arthroplasty!fixation!and!delay!between!admission!and!surgery.!Factors!found!to!correlate!with!increased!mortality!at!discharge!were:!increased!age,!higher!ASA!grade,!male!gender,!poor!preHfracture!mobility;!hemiarthroplasty!(rather!than!THA)!and!uncemented!prostheses.!The!effect!of!fixation!method!on!mortality!was!noted!to!be!small!but!significant!and!was!maintained!after!adjusting!for!other!parameters!such!as!age,!ASA!grade!and!heterogeneity!between!hospitals.!This!study,!however,!is!an!observational!cohort!study!and!so!is!limited!in!some!of!its!conclusions.!In!particular,!it!is!highly!likely!the!effect!of!arthroplasty!type!is!due!to!selection!bias!as!patients!with!excellent!preHfracture!mobility!and!cognitive!function!would!be!more!likely!to!receive!THA.!!
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2.4.1.2 Mortality!associated!with!type!of!prosthesis!!Parker!et!al’s!Cochrane!review!of!arthroplasty!for!the!treatment!of!femoral!neck!fractures!did!not!find!any!significant!difference!in!mortality!between!HA!and!THA!at!3!to!6!months,!1!year,!2!years!or!3H4!years!![26].!Similarly,!no!difference!in!mortality!was!found!when!bipolar!and!unipolar!HA!procedures!were!compared!at!6!months!and!1H2years.!Other!metaHanalyses!have!also!failed!to!find!any!difference!in!mortality!between!these!procedures![51H56].!Notably,!there!has!been!no!large,!multiHcentre!RCT!performed!to!compare!mortality!rates!between!alternative!prostheses.!However,!the!HEALTH!trial!aims!to!recruit!1,434!patients!with!displaced!femoral!neck!fractures!from!international!sites!to!randomise!their!treatment!to!HA!or!THA!and!mortality!will!be!a!secondary!outcome!measure!assessed!in!this!trial[42].!This!study!will!assume!mortality!is!equal!for!all!types!of!arthroplasty!performed.!!
2.4.1.3 Mortality!associated!with!method!of!prosthesis!fixation!!Parker!et!al’s!Cochrane!review!did!not!find!any!significant!difference!in!mortality!between!cemented!HA!and!uncemented!HA!at!1!month,!1H3months,!1!year!or!3years![26].!Other!metaHanalyses!have!also!been!unable!to!find!a!mortality!difference!at!1!month,!3!months,!6months,!1!year!and!2years[31,!32,!57,!58].!Furthermore,!RCTs!have!not!found!a!significant!difference!in!mortality!at!48hours,!postHoperatively,!on!discharge,!at!7days!or!5!years![59H62].!!No!RCTs!have!been!found!that!compare!mortality!between!cemented!and!uncemented!THA!in!hip!fracture!patients.!!Studies!of!national!registry!datasets!show!no!significant!difference!in!mortality!between!cemented!and!uncemented!arthroplasties!performed!for!femoral!neck!fractures!although!there!may!be!an!increase!in!mortality!for!cemented!prosthesis!in!the!perioperative!period!with!cumulative!mortality!equalising!shortly!thereafter.!The!English!National!Hip!Fracture!Database!(NHFD)!found!that!that!mortality!risk!at!discharge!was!less!for!cemented!prostheses!and!remained!
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lower!when!adjusted!for!age,!ASA!grade!and!mobility![50].!Finnish!registry!data!showed!an!increase!in!mortality!for!cemented!prostheses!1!day!from!surgery!but!this!difference!was!no!longer!significant!from!postHoperative!day!5![63].!Australian!registry!data!showed!mortality!was!higher!for!cemented!monoblock!prostheses!compared!to!uncemented!for!the!first!postHoperative!day!but!this!mortality!risk!was!reversed!after!1!week!and!remained!this!way!after!1!year.!It!also!found!there!was!no!difference!in!mortality!between!cemented!and!uncemented!modular!prostheses![64].!Similarly,!analysis!of!the!NHS!Scottish!Admissions!Database!found!increased!mortality!for!cemented!prostheses!during!postHoeprative!days!0!to!3!but!this!had!reversed!by!day!7!and!there!was!a!significant!difference!by!day!120![65].!Swedish!and!Norwegian!registries!found!no!difference!in!mortality!at!1!year![66,!67].!!Further!to!the!registry!results,!single!centre!studies!have!reported!increased!mortality!in!the!perioperative!period!in!patients!undergoing!cemented!arthroplasty!following!hip!fracture,!however!no!RCT!has!found!similar!results.!Hossain!et!al’s!retrospective!audit!of!a!single!centre’s!mortality!within!48hours!demonstrated!a!higher!mortality!risk!for!cemented!arthroplasty!compared!with!uncemented![68].!However,!no!further!time!periods!were!assessed!and!the!study!is!limited!by!its!methodology!and!size.!Lennox!et!al!also!found!increased!mortality!for!cemented!bipolar!HA!within!48hours!and!this!mortality!remained!higher!at!3!months.!It!is!unclear!if!these!results!were!statistically!significant!and!the!study!is!limited!as!it!is!a!single!centre!cohort!study!of!only!207!patients![69].!A!retrospective!audit!of!a!single!centre’s!arthroplasty!registry!found!increased!mortality!for!patients!who!received!cemented!arthroplasty!after!30days!and!this!remained!after!multivariate!analysis!to!account!for!other!factors![70].!The!methodologies!of!these!studies!limits!their!capacity!to!alter!the!consensus!found!in!metaHanalysis!and!large!registry!studies!that!mortality!following!cemented!prosthesis!may!be!increased!in!the!perioperative!period!but!cumulative!mortality!is!not!significantly!different!after!this!period.!!! !
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2.4.1.4 AOANJRR!mortality!data!!The!AOANJRR!collects!data!on!the!mortality!of!patients!following!their!arthroplasty!procedure,!including!those!performed!for!hip!fractures[2,!33].!All!procedures!reported!to!the!registry!are!matched!with!the!AIHW’s!National!Death!Index!(NDI)![71].!The!results!are!reported!in!the!format!of!“Cumulative!Percent!Survival”!and!a!supplementary!report!was!released!in!2014!reporting!on!mortality!following!hip!and!knee!arthoplasty[71].!The!report!outlined!mortality!rates!for!femoral!neck!fracture!patients!who!received!hemiarthroplasty!with!results!reported!by!type!of!prosthesis!used.!Due!to!the!nature!of!patient!selection!bias!inherent!in!registry!data!and!evidence!demonstrating!no!significant!difference!in!mortality!between!prosthesis!types!or!prosthesis!fixation!method,!this!registry!data!has!not!been!used!in!this!study.!!The!mortality!of!patients!undergoing!arthroplasty!of!any!kind!for!femoral!neck!fracture!with!subgroup!analysis!for!age!groups!was!requested!and!the!data!is!represented!graphically!in!Figure!2H8!with!full!details!in!Chapter!3.!As!this!thesis!assumes!mortality!rates!are!equal!for!all!prosthesis!types!and!fixation!methods!but!varies!with!age!at!time!of!fracture,!these!figures!will!be!used!to!inform!the!analysis.!
! !
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Figure!2a8!! Cumulative!percent!mortality!following!femoral!neck!!
! ! fracture[72]!!
!!
2.4.2 Revision!surgery!!The!AOANJRR!collects!data!on!all!arthroplasty!procedures!performed!in!Australia!and!the!main!outcome!measure!if!the!time!to!first!revision!surgery.!The!collection!of!data!began!in!September!1999!and!all!hospitals!are!required!to!submit!a!standard!form!to!the!registry!for!every!arthroplasty!performed.!Data!forms!are!completed!in!the!operating!theatre!at!the!time!of!arthroplasty!surgery!and!any!revision!operation!and!then!submitted!to!the!registry.!An!example!of!a!data!collection!form!can!be!found!in!Appendix!B.!A!validation!process!is!also!performed!to!identify!any!procedures!not!submitted!to!the!registry,!this!occurs!most!commonly!following!hemiarthroplasty!procedures.!The!initial!capture!rate!is!96%!and!this!increases!to!98%!of!all!arthroplasty!procedures!once!the!validation!process!is!completed.!The!main!outcome!measure!of!the!registry!is!the!time!to!the!first!revision!surgery.!!The!registry!aims!to!analyse!confounding!factors!to!give!an!accurate!portrayal!of!the!performance!of!different!types!of!implants,!fixation!methods!and!surgical!approaches.!!!
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The!indications!for!revision!operations!are!given!in!Table!2H6!and!the!type!of!revision!operation!performed!is!detailed!in!Table!2H7!with!the!most!common!highlighted!in!bold.!The!revision!rates!are!described!in!the!methods!section.!
!
Table!2a6!! Indications!for!revision!surgery!following!each!prosthesis[2]!! Monoblock! Modular! Bipolar! THA!Fracture! 19.0%! 15.4%! 23.3%! 14.5!Loosening/lysis! 47.2%! 16.5%! 21.3%! 28.4!Infection! 9.4%! 18.5%! 18.0%! 15.6!Prosthesis!dislocation! 11.3%! 20.3%! 17.7%! 21.3!Pain! 6.9%! 13.5%! 8.6%! 2.3!Condrolysis/!acetabular!erosion! 3.7%! 12.4%! 7.4%! H!Malposition! 1.1%! 0.1%! 0.5%! 1.0!Other! 1.4%! 3.3%! 3.1%! H!
!
!
Table!2a7!! Type!of!revision!surgery!performed!for!each!type!of!!!
! ! prosthesis![2]!! Monoblock! Modular! Bipolar!THR! 61.5%! 19.2%! 23.7%!Acetabular!component! H! 45.5%! 36.5%!Bipolar!head!and!femoral!head! 9.7%! 2.3%! 13.9%!Bipolar!head!only! H! 0.5%! 9.1%!Femoral!component! 18.4%! 12.1%! 5.3%!Cement!spacer! 3.8%! 4.1%! 5.0%!Head!only! H! 10.6%! 3.1%!Minor!component! 1.3%! 3.3%! 1.5%!Removal! 4.1%! 1.9%! 1.4%!Cement!only! 0.1%! 0.1%! H!Reinsertion!of!component! 0.5%! 0.3%! H!Insert!only! 0.2%! H! H!Incomplete! 0.1%! H! H!
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!There!are!two!major!methodological!limitations!with!registry!data.!Firstly,!being!observational!data!it!is!subject!to!selection!bias.!Secondly,!statistical!methods!may!be!inaccurate!in!determining!revision!rates!due!to!the!distortion!caused!by!competing!risks.!!The!first!limitation!of!the!registry!data!is!the!observational!cohort!method!of!the!data!collection.!When!revision!rates!between!prosthesis!types!are!compared,!it!does!not!take!into!account!patient!factors!not!collected!by!the!registry!which!may!have!affected!the!surgeon’s!decision!in!prosthesis!choice.!These!factors!may!affect!mortality!or!revision!rates!independent!of!the!type!of!prosthesis.!An!example!is!the!mortality!rates!reported!by!the!registry!following!hemiarthroplasty!for!femoral!neck!fractures.!Some!prostheses,!for!example!monoblocks,!have!a!markedly!higher!mortality!rate!than!other!prostheses.!It!is!accepted!that!this!is!due!to!patient!selection!and!we!are!unable!to!draw!conclusions!as!to!the!effect!of!prosthesis!choice!on!these!mortality!rates[33].!Further!to!this,!revision!rates!may!not!capture!all!prosthetic!“failures”!as!patients!too!unwell!to!undergo!anaesthetic!will!not!receive!a!revision!even!if!they!have!poor!mobility!and!severe!hip!pain.!Bhandari!et!al!identified!the!difference!in!mortality!and!revision!surgery!results!between!nonHrandomised!and!randomised!trials!when!assessing!published!studies!assessing!arthroplasty!and!internal!fixation[73].!!!The!second!limitation!is!the!inadequacy!of!currently!used!statistical!methods!to!analyse!revision!rates!after!arthroplasty!for!femoral!neck!fracture.!The!use!of!the!KaplanHMeier!method!of!reporting!revision!rates!has!been!identified!as!a!limitation!of!registry!data!for!femoral!neck!fracture!patients!as!this!method!may!be!inaccurate!in!patients!with!high!rates!of!competing!risks,!such!as!mortality.!The!registry!collects!data!on!mortality!following!arthroplasty!and!it!acknowledges!its!methods!may!overHestimate!revision!rates!in!those!prostheses!with!high!mortality!rates[2].!Gillam!et!al!compared!revision!rates!reported!by!the!registry!determined!using!Kaplan!Meier!methods!with!analysis!where!the!competing!risk!of!death!was!accounted!for!in!patients!who!received!
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hemiarthroplasty!for!femoral!neck!fracture[74].!They!found!there!was!a!statistically!increased!probability!of!revision!surgery!for!monoblock!or!unipolar!prostheses!compared!to!bipolar!prostheses!when!the!risk!of!death!was!considered!using!cumulative!incidence!function!techniques!(CIF).!Using!these!methods,!they!did!not!find!a!difference!in!the!probability!of!revision!between!monoblock!and!unipolar!modular!prostheses.!This!contrasted!to!revision!rates!reported!by!the!registry!which!reported!higher!revision!rates!for!monoblock!prostheses!compared!to!unipolar!modular.!This!is!a!complex!are!of!statisitical!analysis!and!whilst!the!registry!acknowledges!the!limitations!of!the!KaplanHMeier!method!it!has!not!yet!adopted!competing!risk!analysis!in!its!methods.!!A!formal!request!was!made!to!the!registry!for!the!cumulative!percent!revision!rates!in!the!following!groups!and!the!results!can!be!found!in!Chapter!3.!
2.4.3 Dislocation!rates!!Stability!of!a!prosthetic!hip!joint!is!dependent!upon!prosthesis!alignment,!soft!tissue!support!and!avoidance!of!unsafe!postures!that!increase!the!risk!of!dislocation.!The!alignment!is!determined!at!the!time!of!operation!when!the!surgeon!chooses!the!type!of!prosthesis!to!fit!and!implants!the!components.!The!soft!tissue!supports,!e.g.!the!joint!capsule!and!musculature,!are!compromised!during!the!operation!and!are!thought!to!provide!increased!support!as!they!heal.!Patients!are!taught!“hip!precautions”!when!they!have!an!arthroplasty!so!that!they!may!avoid!positions!that!may!dislocate!the!prosthesis.!!!Hip!arthroplasties!are!at!highest!risk!of!dislocation!in!the!perioperative!period!with!most!studies!reporting!a!reduction!in!dislocation!rates!after!the!first!postHoperative!year[15,!75].!This!progression!is!reflected!in!Figure!2H9!which!shows!the!cumulative!dislocation!rates!after!THA!performed!for!any!diagnosis!over!a!25!year!period.!Dislocation!rates!have!been!found!to!be!higher!after!surgery!performed!for!femoral!neck!fracture!than!for!other!indications!and!for!this!reason!dislocation!rates!specific!to!fracture!patients!have!been!sought[75].!!! !
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Figure!2a9!! Cumulative!probability!of!a!firstatime!hip!dislocation!as!a!!
! ! function!of!time![75]!!
!!MetaHanalysis!by!Parker!et!al!found!no!significant!difference!in!dislocation!rates!between!unipolar!and!bipolar!HA!when!it!assessed!3!RCTs!of!667!patients!(RR!1.09!,!95%CI!0.36H3.31,!p=0.88).!A!significant!difference!was!found!between!dislocation!rates!of!HA!and!THA!with!a!relative!risk!of!dislocation!for!HA!of!0.53!(95%CI!0.29,!0.97)!p=0.039.!The!results!of!each!of!the!studies!assessed!in!the!analysis!are!detailed!in!Table!2H8.!! !
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
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Table!2a8!! Summary!of!RCTs!used!in!Parker!et!al’s!Cochrane!review!to!
! ! assess!dislocation!rate!differences!between!HA!and!THA[26]!! Mean!followaup! HA!
(dislocations/!
number!of!
patients)!
THA!
(dislocations/!
number!of!
patients)!Baker[76]! 3years! 0/41! 3/40!Blomfeldt![77]! Up!to!12!months! 0/60! 0/60!STARS![18]! 2!years! 2/69! 3/69!Dorr![78]! 2!years! 2/50! 7/39!Macaulay![79]! 2!years! 0/23! 1/17!Skinner[80]! 1!year! 10/80! 11/100!Relative!Risk!HA!v.!THA:!0.53!(95%CI!0.29,!0.97)!p=0.039!!The!length!of!followHup!from!these!RCTs!does!not!extend!beyond!3!years!with!most!finishing!at!1!to!2!years.!For!this!reason,!data!from!observational!studies!was!also!sought!to!determine!longHterm!dislocation!rates!to!inform!this!thesis!as!dislocations!continue!to!occur!after!the!highHrisk!period!of!the!first!postHoperative!year,!albeit!at!a!lower!rate.!!Poignard!et!al!assessed!longHterm!dislocation!rates!after!THA!and!HA!performed!for!femoral!neck!fracture!in!a!retrospective!cohort!study[81].!Patients!had!followHup!appointments!at!3,!6!and!12months!and!then!annually!thereafter!with!a!mean!followHup!of!8!years.!The!dislocation!rates!are!reported!in!Table!2H9.!
! !
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Table!2a9!! Dislocation!rates!reported!by!Poignard!et!al[81]!! HA! THA!1!year! 1.9%!!(95%CI!not!given)! 6%!!(95%CI!3H9%)!15!years! 5%!!(95%CI!2H6%)! 13%!!(95%CI!9H18%)!Years!2H15! H! 0.5%!per!year!(95%CI!not!given)!!Studies!have!also!found!surgical!approach!and!femoral!head!size!to!have!an!affect!on!dislocation!rates!with!rates!reported!from!2H14%!depending!on!approach!taken[82H85].!!!
2.4.4 Other!complications!!As!with!any!surgical!procedure,!multiple!permutations!of!complications!can!ensue.!For!a!costHeffectiveness!anlaysis!assessing!incremental!changes!in!costs!and!health!outcomes!from!baseline!practice,!it!is!imperative!to!recognise!complications!that!occur!at!different!rates!between!alternative!intervention!choices.!For!this!reason,!medical!complications!have!not!been!assessed!as!metaHanalysis!has!shown!no!significant!difference!between!prostheses[26].!!
2.5 Health!outcomes!
2.5.1 Outcome!measurement!following!arthroplasty!!Quantifying!clinical!outcome!measures!is!a!rapidly!developing!area!of!orthopaedic!research!as!healthcare!providers!acknowledge!the!importance!of!the!patient’s!perception!of!their!health!as!a!marker!for!effective!treatment.!Traditionally,!rates!of!revision!surgery!have!been!the!surrogate!marker!for!arthroplasty!failure.!Worldwide,!registries!have!been!developed!to!measure!this!outcome.!These!registries!provide!valuable!information!on!underHperforming!prostheses!and!assist!clinicians!in!deciding!which!prosthesis!may!be!most!beneficial!in!their!patient!and!clinical!practice!as!a!whole.!However,!it!is!
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acknowledged!revision!rates!do!not!capture!all!aspects!of!arthroplasty!outcomes[86].!In!particular,!revision!rates!are!unlikely!to!capture!differences!in!postHoperative!pain,!functional!change!and!mobility!and!quality!of!life.!This!is!particularly!relevant!in!fractured!neck!of!femur!patients!who!are!usually!elderly!and!therefore!may!not!undergo!revision!surgery!for!multiple!reasons!despite!having!pain,!decreased!mobility!and!poor!quality!of!life!after!their!arthroplasty.!!!Multiple!scoring!frameworks!exist!to!measure!outcomes!after!orthopaedic!surgery.!These!systems!may!be!jointHspecific!(e.g.!the!Oxford!Hip!Score!and!Harris!Hip!Score),!assess!HealthHRelated!Quality!of!Life!(e.g.!EuroQol!EQH5D,!VAS!scores)!or!assess!function!and!independence!(e.g.!Barthel,!Katz!scores).!!!EuroQol!EqH5D!is!a!standardised!questionnaire!used!to!quantify!patients’!utility!scores!for!research!purposes.!This!tool!is!not!diseaseHspecific!but!has!been!validated!as!a!reliable!tool!to!assess!quality!of!life!in!hip!fracture!patients![87].!!The!questionnaire!assesses!patients’!perceptions!of!their!level!of!mobility,!selfHcare,!capacity!to!participate!in!usual!activities,!pain!and!anxiety!or!depression.!An!example!of!the!questionnaire!is!provided!in!Appendix!A.!!An!important!consideration!when!choosing!a!tool!to!assess!utility!values!in!patients!after!hip!fracture!surgery!is!the!obstacle!of!assessing!preHfracture!scores.!Tidermark!et!al!demonstrated!retrospective!completion!of!the!EQH5D!by!hip!fracture!patients!produced!similar!values!to!an!ageHmatched!population!and!so!is!an!appropriate!tool!to!assess!changes!in!utility!after!surgery!for!hip!fracture[88].!In!particular,!the!tool!could!be!used!in!cohort!studies!(such!as!registry!data!collections)!as!the!inability!to!randomise!patients!mandates!the!use!of!change!in!HRQoL!to!be!assessed!so!higher!scores!are!not!merely!a!representation!of!patient!selection.!!!Clinical!outcome!registries!have!been!formed!which!attempt!to!measure!such!health!outcomes!after!arthroplasty,!however!these!have!not!extended!to!hip!fracture!patients!yet.!!The!Australian!Clinical!Outcomes!Registry!(ACORN),!United!Kindgom’s!National!Joint!Registry!and!the!Swedish!Hip!Arthroplasty!
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Register!collect!Patient!Reported!Outcome!Measures!(PROMs)!following!hip!and!knee!arthroplasty![10,!86,!89].!Their!registries!provide!patients!with!a!preHoperative!questionnaire!to!complete.!The!British!registry!commenced!their!current!PROMs!collection!program!in!2010!and!intends!to!collect!further!data!by!mailing!patients!further!questionnaires!at!1,3!and!5!years.!The!Swedish!registry!collects!PROMs!data!at!1,!6!and!10!years.!The!questionnaires!cover!EQH5D!index!and!pain!VAS!scores.!The!British!registry!also!includes!the!Oxford!Hip!Score!(OHS).!ACORN!commenced!data!collection!in!2012!and!collects!OHS,!EuroQol!5HD!and!VAS!scores,!UK!PROMs!satisfaction!and!success!questions!and!general!complications!(e.g.!readmission,!reoperations).!None!of!these!registries!report!data!on!hip!fracture!patients.!An!obstacle!to!achieving!this!may!be!the!inability!to!obtain!reliable!preHoperation!scores!as!patients!only!present!once!they!have!their!fracture.!The!British!registry!has!reported!PROM!values!following!cemented!and!uncemented!arthroplasty!in!the!NJR!10th!annual!report[89].!Although!the!data!is!largely!taken!from!patients!who!received!arthroplasty!for!osteoarthritis!and!not!hip!fracture,!it!is!notable!that!patients!who!received!cemented!fixation!achieved!better!scores!than!those!who!received!uncemented!implants.!Similarly,!the!2nd!Annual!report!described!lower!OHS!scores!following!cemented!fixation![90].!No!further!data!on!PROMs!were!collected!for!the!11th!Annual!Report.!Hopefully,!these!registries!will!provide!a!good!framework!for!similar!data!to!be!collected!on!hip!fracture!patients!in!the!future.!!!
2.5.2 Utility!of!primary!surgery!and!stable!state!!RCTs!were!sought!that!assessed!EQH5D!values!after!arthroplasty!for!displaced!femoral!neck!fracture.!!Of!the!studies!found,!very!few!results!reached!statistical!significance!and!it!is!unclear!if!this!is!due!to!lowHpowered!studies!or!whether!there!is!no!clinical!difference!between!outcomes.!Given!cohort!studies!also!report!a!general!trend!towards!better!outcomes!after!THA!compared!to!HA,!and!after!cemented!rather!than!uncemented!prostheses,!the!lack!of!statistical!significance!has!been!noted!but!has!not!stopped!this!thesis!from!using!the!best!available!evidence!to!inform!the!model!parameters.!!!
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Figved!et!al!and!Langslet!et!al!compared!EQH5D!scores!between!cemented!and!uncemented!HA!at!3!months,!1!year!and!5!years!and!results!were!reported!over!2!papers![61,!91].!It!should!be!noted!Figved!et!al!found!uncemented!prostheses!to!have!higher!VAS,!HHS!and!Barthel!scores!at!3!and!12!months!but!found!cemented!prostheses!to!have!higher!EQH5D!scores!at!3!and!12!months.!The!results!and!description!of!the!study!are!described!in!Table!2H11.!!Blomfeldt!et!al!and!Hedbeck!et!al!assessed!EQH5D!scores!in!2!patient!groups!randomised!to!cemented!bipolar!HA!and!cemented!THA.!Results!were!reported!at!4,12,24!and!48!months!over!2!studies.!A!second!RCT!comparing!HA!and!THA!was!also!found.!The!study!by!Keating!et!al!was!a!multiHcentre!trial!randomising!patients!with!displaced!femoral!neck!fractures!to!either!internal!fixation,!bipolar!HA!or!THA.!Of!the!patients!randomised!to!THA,!only!84%!received!THA!and!94%!of!patients!randomised!to!bipolar!HA!actually!received!this!treatment.!For!this!reason,!the!results!of!Blomfeldt/Hedbeck!et!al!have!been!used!to!inform!this!study.!Table!2H10!describes!this!study!and!its!results.!Full!description!including!standard!deviation!values!were!requested!from!the!authors.!!!No!RCT!could!be!found!that!compared!utility!values!between!cemented!and!uncemented!THA!performed!for!femoral!neck!fracture.!!!No!RCTs!or!large!cohort!studies!were!found!that!compared!EQH5D!scores!after!unipolar!and!bipolar!arthroplasty!for!femoral!neck!fractures.!Parker’s!Cochrane!review!did!not!assess!patient!reported!health!outcome!measures!between!unipolar!and!bipolar!HA[26].!It!did!report!no!significant!difference!between!return!to!preHmorbid!mobility!between!the!2!prostheses.!An!RCT!comparing!cemented!unipolar!and!bipolar!prostheses!found!no!significant!difference!in!patient!satisfaction,!pain,!limp!or!HHS.!It!did!find!a!significant!difference!in!patients’!return!to!preHmorbid!mobility!with!unipolar!patients!performing!better[25].!Stoffel!et!al!found!no!significant!difference!between!unipolar!and!bipolar!HA!when!the!6Hminute!walk!test,!Verbal!Numerical!Rating!Score!(VNRS),!OHS!or!HSS!were!assessed[92].!!
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Parker’s!Cochrane!review!found!statistically!significant!differences!in!HHS,!OHS!and!Barthel!score!as!well!as!selfHreported!walking!distances!and!EQH5D!scores!following!THA!compared!to!HA[26].!
!
Table!2a10!! Description!of!results!of!Blomfeldt!and!Hedbeck’s!studies!!
! ! comparing!outcomes!after!cemented!HA!and!THA![77,!93]!Number!of!patients!(HA/THA)! 60/60!Mean!age! 81!FollowHup! 4,!12,!24!and!48!months!Number!of!patients!at!followHup!(HA/THA)! 12months:!55/56!2years:!49/52!4!years:!41/42!Inclusion!criteria! Aged!70H90!Independent!living!Independent!with!mobility!(+/H!walking!aids)!Exclusion!criteria! Cognitively!impaired!RA,!OA,!pathological!fracture!>48hr!delay!in!surgery!Prosthesis! Modular!Exeter!femoral!component!with!28mm!head!Bipolar!head!(Bicentric,!Howmedica!or!Universal!Head)!Acetabular!cup:!OGEE!(DePuy)!Cemented! Yes,!same!cementing!technique!for!each!procedure!Surgical!approach! anterolateral!PostHoperative!care! Same!mobilisation!and!antiHcoagulation!protocols!
Results!! HA!(EQH5D!(SE))! THA!(EQH5D!(SE))!PreHfracture! 0.80!(0.02)! 0.80!(0.02)!4months! 0.62!(0.04)! 0.67!(0.03)!1!year! 0.63!(0.04)! 0.68!(0.03)!2!years! 0.59!(0.04)! 0.67!(0.04)!4!years! 0.57!(0.04)! 0.68!(0.04)!
!
!
!
!
!
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Table!2a11!! Description!of!results!of!Figved!and!Langslet’s!studies!!
! ! comparing!outcomes!after!cemented!and!uncemented!bipolar!
! ! HA![61,!91]!Number!of!patients!(cemented/uncemented)! 115/115!Mean!age! 83!FollowHup! 3!months,!12!months,!5!years!Number!of!patients!at!followHup!(cemented/uncemented)! 51x!cemented!pts!(61!deaths)!46x!uncemented!pts!!(62!deaths)!!Inclusion!criteria! Age!>70!Displaced!femoral!neck!fracture!presenting!to!either!of!2!centres!included!in!trial!Exclusion!criteria! Being!unfit!for!arthroplasty!as!determined!by!the!anaesthetist!on!call!Additional!hip!pathology!(e.g.!OA)!Pathological!fracture!Current!infection!Immobile!prior!to!fracture!Prosthesis! Cemented:!Spectron!(Smith!&!Nephew)!Uncemented:!Corail!(DePuy)!All!patients!received!a!28mm!cobaltHchromium!head!and!a!MobileCup!(DePuy)!bipolar!head!Surgical!approach! Posterior!PostHoperative!care! Same!mobilisation!and!antiHcoagulation!and!antibiotic!protocols!
Results!EQH5D!(SE)! Cemented!Bipolar!EQH5D!(SE)! Uncemented!Bipolar!EQH5D!(SE)!PreHfracture! H! H!3!months! 0.64!(0.03)! 0.58!(0.04)!1!year! 0.68!(0.03)! 0.61!(0.04)!5!years! 0.64!(0.06)! 0.73!(0.04)!Time!after!surgery! Mean!difference!of!EQH5D!value!(uncemented!bipolar!v.!cemented!bipolar)!3!months! H0.06!(95%CI!H0.15,!0.34)!1!year! H0.08!(95%CI!H0.18,!0.03)!5!years! 0.08!(95%CI!H0.06,!0.23)!!!
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2.5.3 Utility!of!revision!surgery!and!dislocation!!Zampelis!et!al!compared!EQH5D,!WOMAC,!SFH36,!and!EQH5D!VAS!scores!in!46!patients!who!underwent!revision!surgery!following!THA!performed!for!osteoarthritis!in!a!prospective!cohort!study[94].!The!EQH5D!score!recorded!prior!to!their!revision!surgery!was!used!as!the!representation!of!utility!score!in!patients!who!required!revision!surgery.!No!studies!were!found!that!assessed!EQH5D!scores!at!the!time!of!revision!surgery!in!femoral!neck!fracture!patients.!As!the!indications!for!revision!surgery!are!the!same!between!these!patient!groups,!it!is!likely!the!EQH5D!scores!would!be!similar.!!!Enocson!et!al!performed!a!prospective!cohort!study!in!319!patients!who!received!THA!for!femoral!neck!fractures[95].!All!patients!completed!the!EQH5D!questionnaire!at!the!time!of!fracture!(to!obtain!retrospective!preHfracture!scores),!at!4!and!12!months.!Utility!scores!were!compared!between!patients!who!had!no!dislocations,!1!dislocation!and!recurrent!dislocations.!The!EQH5D!score!of!patients!who!suffered!only!1!dislocation!returned!to!a!similar!value!as!the!no!dislocation!group!at!12!months.!Patients!who!suffered!recurrent!dislocations!maintained!a!lower!score!at!12!months.!!!No!studies!compared!HRQoL!scores!associated!with!prosthesis!choice,!dislocation!and!revision!surgery!in!the!one!trial.!Therefore,!separate!studies!have!been!considered!which!carries!the!limitation!of!having!to!assume!baseline!scores!are!universal!across!each!study.!! !
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Table!2a12!! QALY!scores!for!dislocation!and!revision!surgery!states!
Study!description! QALY!value!Revision!surgery!Zampelis!et!al[94]:!45!patients!who!underwent!revision!due!to!aseptic!loosening!of!THA!performed!for!OA!
0.35!!(SD!0.31)!
Dislocation!Enocson[95]!et!al:!319!patients!treated!with!arthroplasty!for!femoral!neck!fracture!
0.38!!(SD!0.23)!
!
2.6 Data!on!costs!
2.6.1 Prostheses!!The!cost!of!prostheses!are!incurred!from!the!cost!of!the!prosthesis!itself,!fixation!accessories!and!the!incremental!length!of!operating!theatre!time.!The!costs!of!each!of!these!aspects!have!been!considered!separately.!!Notably,!length!of!stay!has!not!been!incorporated!into!the!costing!for!this!analysis.!The!NHS!included!this!factor!in!their!costing!analysis!comparing!cemented!and!uncemented!prostheses!due!to!a!RCT!by!Figved!et!al!which!found!a!shorter!mean!length!of!stay!of!0.6!days!for!cemented!patients!compared!to!uncemented[34,!91].!It!estimated!the!costHdifference!to!be!£144.!The!pHvalue!of!this!length!of!stay!was!reported!as!P<0.52!in!Figved’s!study.!Parker’s!Cochrane!review!also!did!not!find!a!significant!difference!in!length!of!stay!and!this!parameter!has!not!been!included!in!the!assessment.[26]!!!
2.6.1.1 Prosthesis!pricing!!The!Prostheses!List,!compiled!by!the!Australian!Government’s!Department!of!Health,!lists!the!prices!private!health!insurers!must!pay!when!a!listed!prosthesis!is!implanted!into!a!patient!with!appropriate!health!insurance!cover[96].!Once!a!
Chapter!2!Literature!Review!
43!
prosthesis!is!approved!by!the!TGA!and!registered!on!the!Australian!Register!of!Therapeutic!Goods!(ARTG),!medical!device!sponsors!apply!to!have!their!prosthesis!listed!on!the!Prostheses!List.!The!list!specifies!the!brand,!make!and!price!of!each!prosthesis.!This!information!is!readily!available!through!the!Department!of!Health’s!website!and!has!been!used!for!this!study.!Although!the!prices!listed!on!this!list!may!be!inflated!compared!to!those!paid!for!by!public!hospitals!or!those!with!bulk!procurement!discount!prices,!they!likely!reflect!the!comparative!difference!in!prices!between!different!implants.!Given!the!difficulty!in!obtaining!inventories!of!prices!paid!by!different!hospitals!and!health!services!for!their!prostheses,!this!list!is!the!best!available!evidence!to!inform!the!study.!!!The!Prostheses!List!provides!the!prices!of!multiple!different!components!used!to!perform!arthropolasty.!This!study!used!the!least!expensive!components!for!each!type!of!arthroplasty!being!assessed.!A!scenario!analysis!was!performed!where!the!prices!of!the!most!commonly!used!components,!as!reported!by!The!Registry,!were!assessed!to!determine!if!results!differed!between!these!two!methods.!!Hospitals!maintain!inventory!systems!to!document!the!prices!paid!for!prostheses!although!the!structure!and!management!of!these!inventories!is!not!consistent!or!!readily!accessible!to!the!general!public.!The!HHTrak!system!used!at!Redcliffe!Hospital!is!an!example!of!such!a!system.!Products!are!logged!onto!the!system!when!purchased.!As!a!surgical!case!proceeds,!a!nurse!is!responsible!for!entering!the!products!used!from!the!inventory!into!a!computer!system.!A!report!of!all!products!used!is!able!to!be!compiled.!A!report!for!operations!involving!different!prostheses!was!requested!and!the!products!used!for!cementing!were!noted[97].!Prices!for!these!products!were!then!sought!from!The!Prostheses!List!and,!if!not!available!on!the!list,!were!used!from!the!HHTrak!system.!This!was!done!to!maintain!consistency!in!pricing!data.!These!prices!are!documented!in!the!methods!section.!!Australia!typically!pays!higher!prices!for!prostheses!than!other!countries!and!so!data!for!prosthesis!pricing!has!been!sought!from!Australian!data!sources[98].!Table!2H12!demonstrates!the!prices!of!commonly!used!prostheses!as!
Chapter!2!Literature!Review!
44!
documented!by!the!NICE!clinical!guidelines!economic!analysis.!The!price!difference!is!evident!when!compared!to!those!from!the!Australian!list,!also!documented!in!Table!2H13.!This!discrepancy!does!highlight!a!possible!avenue!for!uncertainty!in!costing!data!as!the!extent!of!pricing!reduction!that!occurs!in!Australia!is!uncertain.!It!may!be!possible!that!health!systems!adopt!methods!to!reduce!prices!paid!for!prostheses,!such!as!a!pricing!matrix!system,!as!these!have!been!shown!to!reduce!costs!without!increasing!complications!to!patients[99].!!
!
Table!2a13!! Price!of!most!commonly!used!cemented!and!uncemented!!
! ! femoral!stems!in!Australia!and!the!UK[15,!96]!
! Cemented!
implants!
(stems!
with!no!
head)!
Price!
per!
item!!
(£)!
Price!
per!
item!
(AUS$)!
Uncemented!
implants!!
Price!
per!
item!!
(£)!
Price!
per!
item!
(AUS$)!
Most!commonly!used! Exeter! 411! 2,500! Corail! 893! 4,700!
!!
2.6.1.2 Length!of!surgery!!Parker!et!al!analysed!the!incremental!increase!of!operating!time!between!cemented!and!uncemented!hemiarthroplasty!and!between!HA!and!THA[26].!The!time!difference!between!cemented!and!uncemented!fixation!methods!occurs!due!to!the!time!spent!preparing!the!cement!mixture!and!waiting!for!the!cement!to!set.!No!studies!were!found!which!assessed!the!time!required!for!screw!placement!in!uncemented!prostheses!which!are!sometimes!used.!The!time!difference!between!HA!and!THA!is!largely!due!to!the!preparation!and!placement!of!the!acetabular!components.!!!
2.6.1.3 Cost!of!theatre!time!!Parker!et!al’s!Cochrane!review!found!a!difference!in!operating!theatre!time!between!cemented!and!uncemented!HA!and!also!between!HA!and!THA.!These!
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figures!are!documented!in!Table!3H15[26].!A!difference!in!operating!time!between!cemented!and!uncemented!HA!was!also!found!in!Figved’s!RCT!and!this!was!used!in!the!NHS!costing!report!to!calculate!additional!costs!associated!with!cemented!prostheses[34,!91]!!The!NSW!government!Operating!Theatre!Standard!Costs!Template!was!developed!to!enable!surgical!units!to!assess!the!cost!of!operating!theatre!time[100].!It!provides!an!excel!spreadsheet!which!can!be!populated!with!staff!and!equipment!requirements!to!determine!the!cost!of!using!an!operating!theatre.!Furthermore,!the!additional!cost!of!after!hours!staffing!can!be!calculated!by!multiplying!the!baseline!rate!by!the!appropriate!penalty!rates.!Table!3H16!in!the!methods!section!outlines!the!details!used!to!calculate!the!cost!of!operating!theatre!time!used!for!this!thesis.!The!method!is!similar!to!that!used!by!the!NHS!in!its!costing!report,!the!details!of!which!are!described!in!Table!2H14.!The!per!minute!monetary!value!determined!from!the!template!can!be!multiplied!by!the!incremental!change!in!operating!theatre!time,!discussed!further!in!Chapter!3,!to!determine!the!extra!cost!associated!with!particular!prostheses.!! !
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Table!2a14!! Personnel!input!costs!used!to!determine!cost!per!hour!of!an!
! ! emergency!and!planned!trauma!theatre!for!hip!fracture!!
! ! patients!(weekly!normal!working!hours)!taken!from!the!NICE!
! ! costing!report![34]!! Emergency!Theatre!
(£/hour)!
Planned!trauma!list!
(£/hour)!Surgeon! 38!(registrar)! 108!(consultant)!Anaesthetist! 38!(registrar)! 108!(consultant)!Surgeon!(onHcall)! 23! H!Anaesthetist!(onHcall)! 23! H!Scrub!nurse! 27! 27!Unscrub!nurse! 21! 21!Radiographer! 25! 25!Anaesthetist!assistant! 27! 27!Recovery!nurse! 21! 21!
Total! 243! 337!!
2.6.2 Cost!of!revision!surgery!and!dislocation!!The!Metro!North!Clinical!Costing!and!Reporting!department!is!a!branch!of!the!Metro!North!Health!Service!in!Brisbane,!Queensland.!It!encompasses!the!Royal!Brisbane!and!Women’s!Hospital,!The!Prince!Charles!Hospital,!Redcliffe!Hospital!and!Caboolture!Hospital.!The!first!three!of!these!hospitals!have!orthopaedic!surgery!departments!and!treat!patients!for!fractured!neck!of!femur.!The!department!collects!data!on!the!costs!associated!with!inpatient!hospital!admissions!which!are!organised!by!ICD!codes.!The!costs!assigned!to!each!patient!are!determined!by!coding!staff!assigning!monetary!values!for!the!patient’s!length!of!stay,!blood!products,!drugs,!hotel!services,!imaging,!medical!supplies,!prostheses!and!pathology.!A!request!was!made!for!the!costs!of!inpatient!admissions!for!the!following!codes:!!! ICD47048H00!Closed!reduction!of!dislocation!of!hip!! ICD49324H00!Revision!of!Total!Arthroplasty!of!Hip!!
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The!total!costs!of!admissions!for!the!financial!year!2014!were!obtained.!The!total!cost!for!each!admission!was!documented!and!the!mean!cost!and!standard!error!was!determined!(see!Appendix!C!for!formula).!!!This!method!of!cost!allocation!does!not!distinguish!between!different!types!of!revision!surgery,!for!example!whether!a!full!THA!was!performed!or!simply!a!replacement!of!a!femoral!head.!The!costing!data!does!not!specify!what!operation!was!performed!during!the!admission.!!Increased!risk!of!dislocation!has!been!a!deterrent!for!performing!THA!in!many!groups!of!patients.!The!effect!on!cost!of!dislocation!is!uncertain.!Costing!data!on!the!closed!reduction!of!dislocations!following!arthroplasty!was!requested!from!the!Metro!North!Health!Service!in!Brisbane.!The!mean!and!standard!error!of!these!cases!was!determined.!Patients!who!suffered!multiple!dislocations!were!likely!to!receive!a!revision!operation!and!so!it!is!assumed!the!increased!cost!of!this!is!captured!in!the!revision!surgery!state.!!!Palmer!et!al!performed!an!observational!cohort!study!assessing!the!costs!associated!with!complications!in!the!first!year!of!surgery!for!femoral!neck!fracture[101].!When!assessing!the!patients!who!received!HA,!it!was!identified!that!patients!who!suffered!complications!of!dislocation,!sepsis,!loosening!and!fracture!incurred!at!least!double!the!cost!of!patients!who!did!not!suffer!complications.!This!is!an!important!observation!as!it!is!evident!the!costs!of!a!prosthesis!may!be!affected!significantly!by!its!associated!complications.!As!metaHanalysis!has!not!demonstrated!a!difference!in!rates!of!sepsis!between!HA!and!THA,!this!complication!has!not!been!addressed!in!this!study.!It!is!highly!likely!the!patients!who!suffered!loosening!and!fracture!proceeded!to!revision!surgery.!The!article!states!the!15!patients!who!had!a!dislocation!were!managed!with!closed!reduction.!It!is!therefore!interesting!to!note!the!affect!on!total!cost!for!these!patients.
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3 Chapter!3! Methods:!A!decision!analytic!model!!
3.1 Defining!the!decision!problem!
3.1.1 Study!setting!and!recipients!!The!study!included!the!costs!incurred!by!the!Australian!public!healthcare!system,!and!the!health!benefits!used!reflect!the!mortality!and!morbidity!among!patients!using!these!services.!This!is!the!chosen!perspective!of!the!study!although!data!from!other!services!were!required!where!insufficient!data!existed!for!this!perspective,!as!discussed!throughout!the!thesis.!!The!population!assessed!were!individuals!with!femoral!neck!fracture!and!treated!with!one!of!the!following!arthroplasties.!!Cemented!Modular!Hemiarthroplasty!(CMHA)!Uncemented!Modular!Hemiarthroplasty!(UMHA)!Cemented!Bipolar!Hemiarthroplasty!(CBHA)!Uncemented!Bipolar!Hemiarthroplasty!(UBHA)!Cemented!Total!Hip!Arthroplasty!(CTHA)!Uncemented!Total!Hip!Arthroplasty!(UTHA)!!The!costs!and!health!outcomes!were!assessed!over!a!5!year!period!in!yearly!increments.!!!For!this!modelling!study!comparisons!were!made!for!three!ageHgroups!of!patients:!patients!aged!less!than!75!years,!75H85!years!and!greater!than!85!years.!!For!each!age!group!it!was!assumed!that!baseline!practices!shown!in!Table!3H1,!where!the!patient!group!received!a!mix!of!prostheses,!was!replaced!with!100%!adherence!to!one!of!the!six!arthroplasties.!!!
3.1.2 Decision!problem!!The!decision!model!was!developed!to!determine!the!costHeffective!arthroplasty!intervention,!among!the!six!available,!for!femoral!neck!fractures!in!each!of!the!
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age!groups!described.!The!decision!model!assessed!the!costs!and!QALY!scores!accrued!over!5!years!for!each!intervention.!!The!model!was!also!used!to!assess!the!number!of!revision!surgeries!performed!over!5!years!for!each!prosthesis!and!the!costs!accrued!at!the!time!of!the!initial!surgery.!!The!analysis!was!performed!from!the!perspective!of!a!decisionHmaker!in!the!Australian!healthcare!system.!This!decisionHmaker!may!be!an!orthopaedic!surgeon,!hospital!director!or!health!insurer!who!wants!information!on!deciding!which!type!of!arthroplasty!to!perform!in!patients!attending!their!health!service.!!!
3.1.3 Baseline!comparator!!Data!from!the!AOANJRR!was!used!to!determine!the!current!practice!for!the!management!of!femoral!neck!fractures.!The!number!of!patients!and!type!of!arthroplasty!and!fixation!methods!for!all!patients!who!received!arthroplasty!for!femoral!neck!fracture!are!described!in!Table!3H1.!!!
Table!3a1!! Proportion!of!arthroplasty!type!performed!for!each!age!group!
! ! in!2013[3]!
Patients!<!75!years!
1,257!patients!
Patients!75a85!years!
2,239!patients!
Patients!>85years!
1,943!patients!
Prosthesis! %! Prosthesis! %! Prosthesis! %!CTHA!CMHA!UTHA!CBHA!UMHA!UBHA!
35%!28%!17%!11%!6%!3%!
CMHA!CTHA!CBHA!UMHA!UTHA!UBHA!
53%!15%!14%!8%!6%!3%!
CMHA!CBHA!UMHA!CTHA!UBHA!UTHA!
58%!19%!9%!7%!3%!3%!!
3.2 Structuring!the!decision!model!
3.2.1 Description!of!the!decision!model!!A!Markov!model!was!developed!to!describe!the!transition!of!patients!after!their!hip!fracture!surgery!over!time.!Each!cycle!occurred!over!1!year.!The!structure!of!the!model!is!shown!in!Figure!3H1.!
Chapter!3!Methods:!A!decision!analytic!model!
50!
!The!states!were!chosen!to!reflect!events!relevant!to!the!costHeffectiveness!of!hip!fracture!surgery!from!the!perspective!of!the!public!healthcare!system.!!!
!
Figure!3a1!! Markov!Model!used!to!assess!costaeffectiveness!of!! !
! ! arthroplasty!for!femoral!neck!fractures!!!!!!!! !!!!!!!!!!!!!The!first!state!is!the!arthroplasty!for!femoral!neck!fracture!state.!After!this!primary!intervention,!patients!may!then!move!into!either!of!4!additional!mutually!exclusive!states!where!they!will!remain!for!the!cycle!duration!of!one!year.!Patients!can!not!return!to!the!first!state.!Patients!may!remain!in!the!stable!state!for!multiple!cycle!durations.!All!patients!in!the!revision!surgery!and!dislocation!states!return!to!the!stable!state!after!1!cycle.!Death!is!an!absorbing!state.!!!The!movement!of!patients!through!the!states!is!determined!by!transition!probabilities.!Table!3H2!outlines!the!sources!used!to!inform!these!probabilities.!The!values!of!the!transition!probabilities!change!over!time!and!these!values!are!reported!in!section!3.2.2.2.!For!example,!dislocation!rates!are!high!in!the!first!postHoperative!year!but!much!lower!thereafter.!!
Arthroplasty!for!femoral!neck!fracture!
!
!Stable!
!Revision!surgery!
!Dislocation!
!Death!
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Table!3a2!! Sources!used!to!inform!the!Markov!Model!transition!values!
Parameter! Source!From!“surgical!intervention!for!displaced!femoral!neck!fracture”!to!“death”!! Mortality!rates!were!taken!from!the!AOANJRR!and!reflect!the!annual!mortality!of!this!patient!group!after!receiving!arthroplasty!for!femoral!neck!fracture.!!
From!“stable”!to!“death”!
From!“surgical!intervention!for!displaced!femoral!neck!fracture”!to!“revision!surgery”! Revision!rates!were!taken!from!the!AOANJRR!and!reflect!different!rates!for!each!intervention.!From!“stable”!to!“revision!surgery”!From!“surgical!intervention!for!displaced!femoral!neck!fracture”!to!“dislocation”! Dislocation!rates!were!taken!from!published!literature.!From!“stable”!to!“dislocation!From!“surgical!intervention!for!displaced!femoral!neck!fracture”!to!“stable”! The!“stable”!state!included!all!patients!not!already!assigned!to!the!other!states.!!!From!“revision!surgery”!to!“stable”!From!“dislocation”!to!“stable!!Each!state!was!assigned!a!cost!value!in!monetary!terms!and!a!HealthHRelated!Quality!of!Life!(HRQoL)!value!that!enabled!the!estimation!of!quality!adjusted!life!years!(QALY)!accrued!over!the!duration!of!the!analysis.!An!annual!discount!rate!of!3%!was!applied!to!both!costs!and!health!benefits!in!accordance!with!recommended!practice[45].!!!The!model!was!assessed!over!a!5!year!time!course.!This!time!frame!was!selected!as!data!was!available!for!this!length!of!time!and!mortality!was!so!great!that!few!patients!were!alive!beyond!five!years.!The!number!of!revision!surgeries,!QALYs!and!costs!accrued!over!this!time!was!determined.!The!cost!at!the!time!of!the!initial!surgery!was!also!assessed.!!!!!
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3.2.2 Model!assumptions!
3.2.2.1 Assumptions!in!regards!to!population!selection!!It!was!assumed!each!patient!group!was!a!homogenous!selection!of!patients!with!similar!preHfracture!mobility!and!cognitive!status.!That!is!to!say,!confounding!factors!such!as!coHmorbidities,!poor!preHfracture!mobility!status!or!dementia!were!not!actively!considered!in!defining!the!population!groups.!It!was!assumed!all!patients!who!received!a!modular!unipolar,!bipolar!or!THA!were!mobile!prior!to!their!fracture!and!cognitively!intact.!The!limitations!of!these!significant!assumptions!are!reviewed!in!the!discussion!section.!!Patients!who!received!a!unipolar!monoblock!prosthesis!were!excluded!from!the!analysis!for!two!reasons.!It!was!assumed!they!were!either!not!mobile!or!were!cognitively!impaired!prior!to!their!fracture.!The!use!of!monoblock!prostheses!is!discouraged!in!hip!fracture!guidelines!and!so!is!not!a!treatment!option!considered!by!many!surgeons!for!this!patient!group!unless!patients!are!very!frail!with!a!short!lifeHexpectancy.!!Data!on!costs,!QALYs!and!dislocation!rates!was!assumed!to!be!valid!for!all!age!groups,!although!some!of!the!evidence!for!these!values!were!taken!from!studies!where!the!different!age!groups!were!not!examined!separately.!Data!on!revision!and!mortality!rates!were!specific!for!each!age!group.!!
3.2.2.2 Transition!probabilities!!Each!cycle,!the!patients!in!the!“dislocation”,!“revision!surgery”!and!“death”!states!were!calculated!by!applying!cumulative!rates!of!these!events!to!the!initial!population.!The!patients!in!the!“stable”!state!were!assumed!to!be!those!that!remained!after!patients!had!been!designated!to!other!states.!The!mortality!rate!was!assumed!to!be!constant!among!all!interventions!but!different!for!each!age!group!!Patients!were!unable!to!enter!the!“death”!state!from!the!“revision!surgery”!or!“dislocation”!states.!The!model!was!constructed!in!this!way!as!there!was!
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insufficient!evidence!to!inform!mortality!rates!after!these!complications.!Mortality!rates!described!in!registry!data!were!accurately!conveyed!by!using!the!model!described!above.!!It!was!assumed!all!patients!in!the!“dislocation”!state!underwent!closed!reduction!of!their!dislocation.!Patients!who!underwent!revision!surgery!due!to!dislocation!were!captured!in!the!“Revision!surgery”!state.!The!inclusion!of!the!dislocation!state!was!tested!in!a!scenario!analysis!by!excluding!it!to!determine!if!this!state!affected!the!costHeffectiveness!of!the!interventions.!!!Revision!rates!were!taken!from!data!requested!from!the!AOANJRR[102].!Tables!3H3,!3H4!and!3H5.!list!the!cumulative!percent!revision!and!yearly!revision!rate!with!95%!CI!and!SE!values.!!!The!registry!reports!revision!rates!as!cumulative!percent!revision!of!the!implant!with!95%!CI.!The!mean!annual!revision!rate!was!the!difference!between!the!cumulative!revision!rates!at!the!start!and!end!of!the!relevant!year.!The!same!approach!was!used!to!specify!the!95%!confidence!interval!for!each!revision!rate.!The!standard!error!for!each!mean!value!was!then!calculated!using!the!method!described!in!Appendix!C.!These!values!were!used!for!the!sensitivity!analysis!discussed!later!and!are!displayed!alongside!the!revision!rates.!! !
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Table!3a3!! Revision!rates!for!patients!<!75!years!
Year! Yearly!revision!rate!(%)! Lower!limit! Upper!limit! SE!
CMHA!1!2!3!4!5!
2.5!1.9!1.7!2.0!1.4!
2.0!1.2!0.8!0.9!0.1!
3.1!2.7!2.8!3.2!2.8!
0.003!0.004!0.005!0.006!0.007!
UMHA!1!2!3!4!5!
3.4!2.3!1.7!0.2!1.2!
2.3!0.8!H0.1!H1.6!H0.9!
4.9!4.3!4.0!2.5!3.8!
0.007!0.009!0.010!0.010!0.012!
CBHA!1!2!3!4!5!
2.4!1.6!1.0!0.4!0.8!
1.8!0.8!0.0!H0.6!H0.3!
3.2!2.6!2.1!1.6!2.1!
0.004!0.005!0.005!0.006!0.006!
UBHA!1!2!3!4!5!
4.5!0.9!0.6!0.3!0.0!
3.0!H0.8!H1.2!H1.1!H1.9!
6.7!3.4!3.2!3.0!2.7!
0.009!0.011!0.011!0.010!0.012!
CTHA!1!2!3!4!5!
2.4!1.1!0.4!0.3!0.9!
1.9!0.4!H0.3!H0.4!0.0!
3.0!1.9!1.3!1.3!2.1!
0.003!0.004!0.004!0.004!0.005!
UTHA!1!2!3!4!5!
3.4!1.4!1.1!0.9!1.0!
2.7!0.5!0.1!H0.2!H0.8!
4.3!2.4!2.3!2.2!2.4!
0.004!0.005!0.006!0.006!0.007!
!
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Table!3a4!! Revision!rates!for!patients!75a85!years!
Year! Yearly!revision!rate!(%)! Lower!limit! Upper!limit! SE!
CMHA!1!2!3!4!5!
1.7!0.9!0.6!0.4!0.5!
1.5!0.5!0.2!H0.1!0.0!
2.1!1.3!1.0!0.9!1.1!
0.002!0.002!0.002!0.003!0.003!
UMHA!1!2!3!4!5!
3.4!0.8!0.7!0.5!0.7!
2.7!0.0!H0.2!H0.5!H0.4!
4.2!1.8!1.8!1.7!2.1!
0.004!0.005!0.005!0.006!0.006!
CBHA!1!2!3!4!5!
1.4!0.6!0.3!0.3!0.2!
1.4!0.2!H0.2!H0.2!H0.3!
2.3!1.2!0.8!1.0!0.9!
0.002!0.003!0.003!0.003!0.003!
UBHA!1!2!3!4!5!
3.1!0.8!0.6!0.8!0.2!
2.2!H0.3!H0.6!H1.2!H1.2!
4.4!2.2!2.2!2.5!2.1!
0.006!0.006!0.007!0.008!0.008!
CTHA!1!2!3!4!5!
2.4!0.6!0.3!0.3!0.5!
1.9!0.0!H0.3!H0.4!H0.3!
3.0!1.3!1.1!1.1!1.5!
0.003!0.003!0.004!0.004!0.0035!
UTHA!1!2!3!4!5!
4.2!1.1!0.3!0.4!1.6!
3.3!0.1!H0.8!H0.8!0.1!
5.3!2.4!1.7!1.8!3.3!
0.005!0.006!0.006!0.007!0.008!!
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Table!3a5!! Revision!rates!for!patients!>85!years!
Year! Yearly!revision!rate!(%)! Lower!limit! Upper!limit! SE!
CMHA!1!2!3!4!5!
1.2!0.3!0.1!0.2!0.2!
1.0!0.0!H0.2!H0.2!H0.3!
1.5!0.7!0.5!0.7!0.7!
0.001!0.002!0.002!0.002!0.003!
UMHA!1!2!3!4!5!
2.0!0.4!0.2!0.0!0.4!
1.4!H0.2!H0.5!H0.7!H0.6!
2.9!1.4!1.2!1.0!1.7!
0.004!0.004!0.004!0.004!0.006!
CBHA!1!2!3!4!5!
1.5!0.2!0.4!0.1!0.0!
1.1!H0.3!H0.2!H0.5!H0.6!
2.0!0.8!1.1!0.9!0.8!
0.002!0.003!0.003!0.004!0.004!
UBHA!1!2!3!4!5!
2.6!0.3!1.5!1.1!0.0!
1.6!H0.8!0.0!H0.8!H1.9!
4.2!1.8!3.9!4.1!3.0!
0.007!0.007!0.010!0.013!0.013!
CTHA!1!2!3!4!5!
2.7!0.6!0.8!0.5!0.3!
1.8!H0.3!H0.4!H0.8!H1.1!
3.8!2.0!2.4!2.3!2.3!
0.005!0.006!0.007!0.008!0.009!
UTHA!1!2!3!4!5!
5.4!0.0!0.4!0.0!0.6!
3.7!H1.7!H1.4!H1.8!H1.4!
7.6!2.2!2.8!2.4!3.4!
0.010!0.010!0.011!0.011!0.012!
! !
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!Yearly!dislocation!rates!following!THA!for!femoral!neck!fracture!were!determined!from!the!literature.!Figure!3H2!demonstrates!the!cumulative!percent!dislocation!rates!following!THA!and!HA!used!for!this!study.!It!can!be!seen!that!dislocations!occur!more!frequently!in!the!first!operative!year!and!then!continue!at!a!much!lower!rate.!!Table!3H6!describes!the!base!dislocation!rate!for!THA!at!1year.!A!further!0.5%!of!patients!can!be!expected!to!dislocate!every!year!after!the!initial!postHoperative!year.!To!determine!the!dislocation!rate!for!HA!patients,!these!values!were!!multiplied!by!the!relative!risk!of!dislocation!of!HA!compared!to!THA!following!femoral!neck!fracture!reported!in!Parker!et!al’s!Cochrane!review.!The!values!are!reported!in!table!3H7.!!
Figure!3a2!Cumulative!percent!dislocation!following!THA!and!HA!
!!
Table!3a6!! Dislocation!rates!following!THA!for!NOF#,!taken!from!!
! ! Poignard!et!al[81]!Year! Mean!cumulative!%!dislocation! 95%CI! SE!1! 6%! 3H9%! 0.005!2H15! Increase!by!0.5%!per!year!!
!
!
0.0%!2.0%!
4.0%!6.0%!
8.0%!10.0%!
12.0%!
1! 2! 3! 4! 5! 6! 7! 8! 9! 10!
Year!
THA!HA!
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Table!3a7!! Relative!risk!of!dislocation!post!femoral!neck!fracture!!
! ! surgery,!HA!compared!to!THA,!taken!from!Parker!et!al[26]!
Relative!Risk! Standard!deviation! SE!0.53! 0.29H0.97! 0.173!!Mortality!rates!were!taken!from!the!AOANJRR[72].!The!registry!reports!mortality!as!“Cumulative!Percent!Survival”.!The!mortality!for!each!of!the!age!groups!was!requested!and!mean!cumulative!percent!survival!with!associated!95%!CI!were!supplied.!The!cumulative!percent!mortality!was!one!minus!cumulative!percent!survival,!with!95%!confidence!treated!the!same!way.!!Figure!3H3!demonstrates!the!difference!in!mortality!between!each!age!group.!Notably,!for!all!age!groups,!the!mortality!peaks!in!the!first!postHoperative!year.!Values!are!given!in!Table!3.9.!!
Figure!3a3!Cumulative!percent!mortality!for!each!age!group[72]!
!!!!!!!!
0.0%!10.0%!
20.0%!30.0%!
40.0%!50.0%!
60.0%!70.0%!
80.0%!90.0%!
100.0%!
1! 2! 3! 4! 5! 6! 7! 8! 9! 10!
<75!years!75H85!years!>85!years!
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Table!3a8!! Mortality!rates,!taken!from!AOANJRR[72]!
! Mean!
Cumulative!
Mortality!(%)!
95%!CI!lower!
limit!
95%!CI!upper!
limit!
SE!
<75!years!1! 13.1! 12.6! 13.7! 0.002!2! 18.9! 18.3! 19.6! 0.002!3! 24.0! 23.2! 24.7! 0.002!4! 28.5! 27.7! 29.4! 0.002!5! 32.8! 31.9! 33.7! 0.002!75H85!years!1! 21.6! 21.2! 22.1! 0.002!2! 31.4! 30.9! 32.0! 0.002!3! 40.2! 39.6! 40.8! 0.002!4! 48.6! 48.0! 49.2! 0.002!5! 55.7! 55.1! 56.4! 0.002!>85!years!1! 34.2! 33.6! 34.8! 0.002!2! 47.5! 46.8! 48.1! 0.002!3! 58.7! 58.0! 59.3! 0.002!4! 68.3! 67.6! 68.9! 0.002!5! 76.7! 76.1! 77.4! 0.002!!
3.2.2.3 Preference!based!values!of!health!states!(QALY!values)!!The!health!benefits!of!each!of!the!health!states!were!expressed!by!Quality!Adjusted!Life!Years!and!were!estimated!based!on!the!preference!based!values!of!health!states!attributed!to!each!state.!These!values!were!taken!from!the!literature!and!are!described!in!Tables!3H9,!3H10!and!3H11.!Preference!based!values!of!health!states!used!to!calculate!QALY!values!were!taken!from!four!studies.!Two!RCTs[61,!77,!91,!93]!were!used!to!determine!values!in!the!stable!state!and!neither!of!these!studies!reported!statistically!significant!differences!in!scores!between!the!interventions!assessed!although!a!trend!was!evident!which!is!reported!in!other!nonH!randomised!studies.!These!values!were!therefore!used!
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but!limitations!of!their!applicability!are!discussed!further!in!the!discussion!section.!!Furthermore,!two!separate!studies[81,!94,!95]!reported!values!following!dislocation!and!revision!surgery.!It!was!assumed!the!relative!difference!between!these!studies!results!and!the!stable!state!values!were!accurate.!Again,!as!the!populations!assessed!in!the!separate!studies!were!matched!for!baseline!characteristics!there!are!limitations!to!this!data!which!will!be!discussed!later.!!A!randomised!controlled!trial!by!Hedbeck!et!al!investigated!QALY!values!recorded!by!patients!after!either!cemented!THA!or!cemented!HA!after!femoral!neck!fracture[77,!93].!These!values!were!taken!from!EQH5D!scores!collected!at!4months,!1!year,!2!years!and!4!years!postHoperatively.!It!was!assumed!the!4Hmonth!value!was!representative!of!the!patient’s!QALY!value!for!the!entirety!of!the!first!postHoperative!year.!Patients!in!the!third!year!were!assumed!to!have!the!same!QALY!value!as!those!in!the!2nd!year.!Patients!beyond!4!years!were!assumed!to!maintain!the!same!value.!!!An!RCT[61,!91]!found!patients!who!received!uncemented!HA!had!lower!scores!for!QALY!estimation!compared!to!patients!who!received!cemented!HA!for!their!femoral!neck!fracture!until!5!years!postHoperatively!when!this!was!reversed.!This!study!reported!scores!at!3!months,!1!year!and!5!years!including!the!mean!difference!between!cemented!and!uncemented!HA.!The!difference!between!these!scores!was!applied!to!the!results!from!the!aforementioned!RCT!and!assumed!to!be!reflective!of!the!difference!between!postHoperative!QALY!values.!The!5!year!score!was!applied!to!the!score!reported!at!4!years!by!the!study!comparing!hemiarthroplasty!and!total!hip!arthroplasty.!!!Data!was!available!to!inform!values!for!the!“stable”!state!until!4!years!after!the!patients’!surgical!intervention!for!femoral!neck!fracture.!It!was!assumed!patients!maintained!the!same!QALY!value!after!this!time!when!they!were!in!the!“stable!state”.!
!The!values!for!uncemented!THA!patients!were!assumed!to!be!the!same!as!those!who!received!cemented!THA!as!no!study!has!analysed!the!difference!between!femoral!fixation!in!the!femoral!neck!fracture!population.!!
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!It!was!assumed!patients!who!entered!the!“revision!surgery”!and!“dislocation”!states!maintained!the!diminished!QALY!value!for!the!entirety!of!that!yearHlong!cycle.!
Table!3a9!! EQa5D!scores!taken!from!Hedbeck/Blomfeldt!et!al!comparing!
! ! CTHA!and!CHA[77,!93]!
EQa5D!scores!taken!from!Hedbeck/Blomfeldt!et!al!comparing!CTHA!and!CHA[77,!
93]!
Cemented!THA!
compared!with!
cemented!HA!
CTHA!
!
CTHA!
(SE)!
CHA!
!
CHA!
(SE)!
Pa
value!
Distribution!
4!months! 0.67! 0.21! 0.62! 0.27! NS! Beta!1!year! 0.68! 0.24! 0.63! 0.26! NS! Beta!2!years! 0.67! 0.26! 0.59! 0.29! NS! Beta!4!years! 0.68! 0.26! 0.57! 0.22! <0.05! Beta!THA:!Total!Hip!Arthroplasty!CTHA:!Cemented!Total!Hip!Arthroplasty!SE:!Standard!Error!!
Table!3a10!! Mean!difference!of!EQa5D!scores!comparing!uncemented!HA!
! ! to!cemented!HA,!taken!from!Figved/Langslet!et!al[61,!91]!
Uncemented!
HA!compared!
with!cemented!
HA!
Mean!
difference!
(95%CI)!
SE! pa
value!
Distribution! Applied!to!QALY!
value!for!
cemented!HA!
from!cycle:!3!months! H0.06!(H0.15,!0.34)! 0.13! 0.21! Beta! 0!1!year! H0.08!(H0.18,!H0.03)! 0.05! 0.15! Beta! 1!year!until!4!years!5!years! 0.08!(H0.06,!0.23)! 0.07! 0.26! beta! 4!years!HA:!Hemiarthroplasty!SE:!Standard!Error!QALY:!Quality!Adjusted!Life!Year!
!! !
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Table!3a11!EQa5D!Score!for!dislocation!and!revision!surgery!states![94,!95]!
State! Mean!value! Standard!Error! Distribution!Dislocation! 0.38! 0.09! Beta!Revision!surgery! 0.35! 0.05! Beta!!
3.2.2.4 Costs!!The!costs!of!each!state!are!summarised!in!Table!3H12!and!elements!contributing!to!these!costs!discussed!further!below.!!
Table!3a12!!! Inpatient!admission!cost!for!revision!surgery!and!dislocation!
! ! state!
Parameter! Mean!Value! Standard!
Error! Distribution! Source!Revision!Surgery! $36,!817! 5185! Gamma! Metro!North!Health!Service!Tier!2!Costing!System!Dislocation!(Closed!Reduction)!
$2196! 335! Gamma! Metro!North!Health!Service!Tier!2!Costing!System!Stable! $0! H! H! H!Death! $0! H! H! H!Arthroplasty!for!femoral!neck!fracture!
Cost!of!prosthesis!+!cost!of!fixation!accessories!+!cost!of!extra!theatre!time!for!that!particular!prosthesis!being!assessed!(see!Tables!3.13,!3.14!and!3.15)!!The!cost!of!the!“dislocation”!state!was!determined!to!be!the!cost!associated!with!performing!a!closed!reduction!of!a!hip!dislocation.!Data!values!from!the!Metro!North!Health!Service!Tier!2!Costing!System!where!the!procedure!“Closed!Reduction!of!Dislocation!of!Hip”!was!performed!were!collected[103]!!!
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Procedures!not!associated!with!the!following!associated!diagnoses!were!excluded!to!ensure!native!hip!dislocations!were!not!included:!mechanical!complication!of!internal!joint!prosthesis;!presence!of!hip!implant!mechanical!complication!of!internal!joint!prosthesis;!and,!unspecified!complication!of!internal!orthopaedic!prosthetic!device,!implant!and!graft.!The!total!costs!of!each!admission!were!then!analysed!to!determine!the!mean!cost!and!standard!error!values.!!!The!cost!of!the!“revision!surgery”!state!was!determined!by!using!data!from!the!Metro!North!Health!Service!Tier!2!Costing!System!to!calculate!the!mean!cost!of!all!procedures!performed!under!the!title!of!“Revision!of!Total!Arthroplasty!of!Hip”.!This!value!was!applied!to!all!revision!surgeries!regardless!of!the!initial!primary!surgery.!!!The!costs!of!each!of!the!surgical!interventions!was!the!cost!of!prosthesis,!cost!of!fixation!accessories!and!cost!of!extra!operating!theatre!time.!!!!It!was!assumed!all!patients!received!the!cheapest!available!prosthesis!for!their!class!as!described!in!the!Australian!government’s!private!prosthesis!list.!The!value!of!these!items!are!outlined!in!Tables!3H13,!3H14!and!3H15.!Cemented!prostheses!required!the!cementing!accessories!listed!in!Table!3.13!with!variable!amounts!of!bone!cement!ranging!from!2!to!6!packets!for!a!THA!and!1!to!3!packets!for!HA.!Acetabular!screws!are!only!used!in!UTHA!and!patients!received!between!0!to!2!screws.!The!mean!values!of!these!fixation!accessories!required!for!each!fixation!method!are!described!in!Table!3H15.!Table!3H14!includes!the!cost!of!the!least!expensive!components!listed!in!The!Prostheses!List!and!these!were!used!the!original!analysis.!Table!3H14!also!includes!the!prices!of!the!most!commonly!used!prostheses!and!these!costs!were!used!in!the!scenario!analysis.!Where!available,!data!on!the!most!commonly!used!components!were!taken!from!the!Registry!and!their!prices!found!in!the!Prosthesis!List![2].!For!components!not!reported!by!The!Registry!or!where!costs!for!specific!brands!were!not!available!in!The!Prosthesis!List,!the!costs!of!the!least!expensive!option!were!used!in!the!scenario!analysis.!!!
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The!cost!of!extra!operating!time!was!determined!by!multiplying!the!change!in!operating!time!reported!in!a!Cochrane!review[26]!by!the!cost!per!minute!of!operating!theatre!time.!Assumptions!needed!to!be!made!to!determine!what!contributed!to!these!costs,!such!as!number!and!roles!of!staff!required,!and!these!are!outlined!in!Table!3H16.!This!table!outlines!the!staffing!and!equipment!requirements!used!to!calculate!the!cost!per!minute!of!extra!operating!theatre!time.!The!total!cost!per!minute!during!normal!hours!and!after!hours!(evening,!Saturday!and!Sunday!shifts)!were!used!to!determine!the!mean!cost!per!minute!and!the!standard!error!(see!Table!3H17).!!!
Table!3a13!! Cost!of!prosthesis!items!and!mean!costs!of!fixation!accessories!
Prosthesis!! Mean!
Value!
Components!
CMHA!! $2,921! Femoral!stem!+!femoral!head!+sleeve!UMHA!! $4,941! Femoral!stem!+!femoral!head!+sleeve!CBHA!! $3,507! Femoral!stem!+!femoral!head!+!bipolar!head!UBHA! $5,527! Femoral!stem!+!femoral!head!+!bipolar!head!CTHA! $3,400! Femoral!stem!+!femoral!head!+!acetabular!cup!UTHA! $7,790! Femoral!stem!+!femoral!head!+!acetabular!liner!+!acetabular!cup!CMHA:!Cemented!Modular!Hemiarthroplasty!UMHA:!Uncemented!Modular!Hemiarthroplasty!CBHA:!Cemented!Bipolar!Hemiarthroplasty!UBHA:!Uncemented!Bipolar!Hemiarthroplasty!CTHA:!Cemented!Total!Hip!Arthroplasty!UTHA:!Uncemented!Total!Hip!Arthroplasty!
!! !
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Table!3a14!! Cost!of!prostheses!
Product! Price!of!least!
expensive!
option($)! Most!commonly!used!component! Price!of!most!commonly!used!component!($)!Cemented!femoral!stem! 1,850! Exeter!Hip!System! 2,500!Uncemented!femoral!stem! 3,870! Corail!Femoral!Stem!(for!UTHA!and!UBHA)! 4,700!SL!Plus!MIA!Femoral!Stem!(for!UMHA)! 3,870!Femoral!sleeve! 260! H! H!Femoral!head! 800! H! H!Femoral!head!(monopolar)! 811! H! H!Bipolar!head! 857! H! H!Cemented!acetabular!cup! 750! Exeter!Rim!Fit!Flanged!X3!Cup! 936!Uncemented!acetabular!cup! 2,300! Trident!acetabular!component!system! 3,100!Uncemented!acetabular!liner! 820! Trident!acetabular!component!system! 1,160!
!
Table!3a15!Cost!of!fixation!accesories!
Product! Price!($)! Source!Bone!cement!+!antibiotic! 184! Prosthesis!list!Cement!gun!insert! 102! Redcliffe!Hospital!HHTrak!Pulse!lavage! 102! Redcliffe!Hospital!HHTrak!PrepHIM!kit!(pressuriser,!restrictor,!spatula,!IM!brush!and!soak)! 352! S&N!price!list!Centraliser! 158! Prosthesis!list!Acetabular!screw! 137! Prosthesis!list!Total!cost!for!CTHA!fixation!accessories! Mean!$1,371!SE!217!Total!cost!of!UTHA!fixation!accessories! Mean!$137!SE!192!Total!cost!for!CHA!fixation!accessories! Mean!$1,003!SE!127!!!
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Table!3a16!!Incremental!increase!in!operating!theatre!time[26]!! Mean!(mins)! SE! Distribution! Source!CHA!v.!UHA! +7.24! 1.27! Gamma! Cochrane![26]!CTHA!v.!CHA! +18.53! 2.66! Gamma! Cochrane[26]!!Incremental!change!in!theatre!time!!Prosthesis!! Extra!Operating!Theatre!Time!UMHA!and!UBHA! 0!CMHA!and!CBHA! +7.24mins!UTHA! +18.53mins!CTHA! 18.53!+!7.24!mins!CHA:!Cemented!Hemiarthroplasty!(modular!or!bipolar)!UHA:!Uncemented!Hemiarthroplasty!(modular!or!bipolar)!CBHA:!Cemented!Bipolar!Hemiarthroplasty!UBHA:!Uncemented!Bipolar!Hemiarthroplasty!CTHA:!Cemented!Total!Hip!Arthroplasty!!
Table!3a17!! Cost!of!operating!theatre,!taken!from!NSW!government!!
! ! Operating!Theatre!Standard!Costs!Template[100]!
Component! Cost!per!minute!($)!Equipment5!!Scrub!nurse!Scout!nurse!Anaesthetic!nurse!Resident!Surgeon!Anaesthetist!Admin!Level!3!
0.08!0.48!0.48!0.53!0.59!2.91!1.31!0.45!Total!(normal!hours)! 6.75!Total!(evening)!x!1.15! 7.77!Total!(Saturday)!x1.5! 10.13!Total!(Sunday)!x1.75! 11.82!Mean!cost!per!minute!(SE)! 9!(1)!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!5!(instrument!tables!+!computer!+!bucket!+!clock!+!chair!+!OR!table!+!OR!light!+anaesthetic!machine!+!maintenance)!
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The!costs!associated!with!the!“revision!surgery”!and!“dislocation”!states!were!assumed!to!be!equal!regardless!of!the!primary!intervention!performed.!Similarly,!the!values!used!to!derive!QALYs!were!equal!when!in!these!states.!!It!was!assumed!all!patients!in!the!“dislocation”!state!underwent!closed!reduction!of!their!dislocation.!Patients!who!underwent!revision!surgery!due!to!dislocation!were!captured!in!the!“Revision!surgery”!state.!For!this!reason,!the!cost!of!the!“dislocation”!state!was!assumed!to!be!the!cost!associated!with!closed!reduction.!!The!costs!of!inpatient!admission!were!assumed!to!be!equal!for!all!interventions!and!so!were!not!included!in!the!analysis.!!!The!cost!of!outpatient!followHup!was!assumed!to!be!equal!among!intervention!groups!and!so!was!not!included!in!the!analysis.!It!is!likely!that!patients!who!required!an!abnormally!long!length!of!followHup!would!proceed!to!either!the!“dislocation”!or!“revision!surgery”!states!at!some!point!and!so!the!increased!cost!and!decreased!QALYs!would!be!captured!by!those!states.!!
3.3 Model!evaluation!methods!!
3.3.1 Fitting!data!values!to!model!inputs!and!model!simulation!!To!include!the!data!in!the!model!prior!distributions!were!fitted!to!the!mean!values!and!variances!already!reported.!Normal,!Beta!and!Gamma!distributions!were!used!for!transition!probabilities,!costs!and!health!utility!score.!Where!95%!confidence!intervals!were!reported,!the!standard!errors!were!estimated.!See!Appendix!C!for!calculation!methods.!Monte!Carlo!simulation!was!performed!using!Microsoft!Excel!Version!14.4.1.!For!each!simulation,!a!value!from!the!designated!distribution!was!randomly!selected!for!each!parameter.!One!thousand!simulations!were!run.!! !
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3.3.2 Analyses!!The!following!values!were!estimated!for!each!age!group!and!each!comparison.!!Change!in!Costs! =! Cost!of!baseline!group!–!Cost!of!intervention!group!!Change!in!QALYs! =! Baseline!group!QALYs!–!Intervention!group!QALYs!!Change!in!revision!surgeries!=!Baseline!group!revision!surgeries!–!Intervention!group!revision!surgeries!!An!Incremental!CostHEffectiveness!Ratio!(ICER)!was!calculated!for!each!simulation!using!the!equation!below!where!the!health!outcome!was!either!QALYs!or!revision!surgeries.!! ICER! =! Δ!Costs/!Δ!Health!outcome!!Probabilistic!sensitivity!analysis!(PSA)!was!used!to!account!for!parameter!uncertainty.!For!each!age!group,!cohort!simulation!was!run!1000!times.!Using!the!results!from!this!simulation,!mean!values!for!each!of!the!parameters!of!cost,!QALYs!and!revision!surgeries!were!estimated!as!were!95%!uncertainty!intervals.!!!Net!monetary!benefits!were!calculated!for!each!simulation!by!valuing!the!change!to!QALYS!at!the!appropriate!wiliness!to!pay!for!healthy!benefits!and!deducting!the!costs.!The!relevant!willingness!to!pay!ratio!was!$42,000!per!QALY!gained!for!the!analysis!where!the!effect!was!the!change!in!QALY!scores[47]!!WTP!of!$36,816!per!revision!surgery!avoided!was!used!where!the!health!outcome!was!revision!surgeries!as!this!is!the!estimated!cost!of!a!revision!operation.!An!intervention!was!deemed!costHeffective!if!the!NMB!was!positive.!!The!probability!of!an!intervention!being!costHeffective!compared!to!baseline!practice!was!shown!by!the!proportion!of!simulations!where!the!Net!monetary!benefits!were!positive.!The!same!approach!was!used!to!determine!if!an!intervention!was!likely!to!be!costHsaving,!avoid!revision!surgeries!and!QALY!
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increasing.!These!ICER!values!were!also!plotted!on!a!costHeffectiveness!plane!and!the!WTP!ratio!was!represented!by!a!line!on!the!scatter!plot.!!!The!probability!of!an!intervention!being!the!most!costHeffective,!costHsaving!and!healthHimproving!(more!QALYs!and!fewer!revision!surgeries)!was!also!determined.!This!was!calculated!by!determining!the!percentage!of!simulations!where!the!intervention!was!the!most!costHsaving,!healthHimproving!and!costHeffective!compared!to!all!other!interventions.!!!!
3.3.3 Methodological!assumption!analysis!
!
3.3.3.1 Scenario!analyses!
!Scenario!analysis!was!used!to!address!to!explore!the!effect!of!uncertainty!in!the!model’s!assumptions.!Two!scenarios!were!assessed.!!Firstly,!the!data!used!to!inform!the!cost!of!prostheses!was!assessed.!In!the!original!analysis,!the!least!expensive!option!for!each!prosthesis!was!used.!In!the!scenario!analysis,!the!prices!of!the!most!commonly!used!prostheses!(as!outlined!in!the!AOANJRR!2013!Annual!Report)!were!used.!!!Secondly,!analysis!was!performed!that!excluded!the!dislocation!state!to!determine!if!the!costs!and!QALYs!associated!with!this!state!impacted!the!results.!Figure!3H4!demonstrates!the!modified!model!for!that!analysis.!!! !
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Figure!3a4!Markov!model!for!scenario!analysis!(dislocation!state!removed)!!!!!!! !!!!!!!!!!!!!
3.3.3.2 Theatre!costing!time!analysis!!The!difference!in!cost!at!initial!surgery!between!relevant!comparator!interventions!was!determined.!The!groups!compared!were:!CTHA!and!UTHA;!CMHA!and!UMHA;!CTHA!and!CMHA.!The!difference!between!CBHA!and!UBHA!were!similar!to!CMHA!and!UMHA!so!were!not!compared!directly.!!!For!each!of!these!comparisons,!a!graph!was!plotted!which!detailed!the!extra!operating!time!and!the!cost!per!minute!of!theatre!time!that!would!be!required!for!the!two!comparators!to!be!equal!in!cost!at!the!time!of!initial!surgery!(see!Figures!4H7,!4H8!and!4H9).!The!cost!difference!between!these!types!of!arthroplasties!was!determined!by!finding!the!difference!between!the!cost!of!the!prosthesis!components.!!A!linear!graph!was!then!plotted!to!represent!the!threshold!at!which!the!costs!assigned!to!operating!theatre!time!and!also!the!extra!operating!time!associated!with!each!type!of!arthroplasty!would!alter!the!relative!costs!of!the!type!of!arthroplasty!performed.!!The!xHaxis!data!points!on!the!graph!were!the!incremental!increase!in!time!required!to!perform!the!surgery!in!minutes.!The!yHaxis!data!points!were!determined!by!dividing!the!difference!in!cost!by!the!minutes!on!the!xHaxis.!These!
Arthroplasty!for!femoral!neck!fracture!
!
!Stable!
!Revision!surgery!!Death!
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graphs!can!be!used!to!assess!the!impact!of!different!data!for!operating!theatre!time!and!length!of!operating!time!on!the!costHdifference!at!the!time!of!initial!surgery.
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4 Chapter!4! Results!!Results!have!been!reported!for!each!age!group.!Incremental!change!refers!to!changes!in!an!outcome!for!the!arthroplasty!being!reported!compared!to!current!practice!(the!baseline!group).!!!
4.1 Changes!in!costs!at!initial!surgery!!The!results!in!Table!4H1!show!the!mean!change!to!costs!and!95%!uncertainty!intervals!for!each!intervention!compared!to!baseline!practice!at!the!time!of!the!initial!surgery.!These!costs!include!the!cost!of!the!prosthesis,!cementing!products!and!extra!operating!theatre!time!but!does!not!include!the!cost!of!revision!surgeries!or!dislocations!occurring!over!the!following!5!years.!!!A!decision!to!use!CMHA,!CBHA,!CTHA!and!UMHA!showed!a!!mean!costHsaving!for!patients!<!75!years.!CMHA!and!CBHA!were!costHsaving!for!patients!aged!75H85!years.!Only!CMHA!was!costHsaving!for!patients!>85!years.!!
!UMHA!was!the!only!uncemented!prosthesis!that!produced!costHsavings!at!the!initial!surgery!and!this!occurred!only!in!patients!less!than!75!years.!
!Figures!4H2,!4H4!and!4H6!demonstrate!the!changes!in!costs!at!the!time!of!the!initial!surgery!on!the!yHaxis.!!
!
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3,915,000(
(2,968,000,(
5,095,000)(
214(
(79,(347)(
$18,294(lost(per(
QALY(gained(
5,065,000(
(0908,000,(
11,020,000)(
95%(
0%(
(
(
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Patients&75(85&years&
CM
H
A&
01,668,000(
(02,197,000,(
01,163,000)(
0106(
(0263,(34)(
$15,736(saved(per(
QALY(lost(
02,778,000(
(09,219,000,(
3,335,000)(
20%(
1%(
U
M
H
A&
2,047,000(
(757,000,(
3,675,000)(
0330(
(01,014,(383)( $6,203(lost(per(QALY(
lost(
015,915,000(
(044,435,000,(
13,435,000)(
16%(
2%(
CBH
A&
01,057,000(
(01,911,000,(
0188,000)(
0101(
(0257,(40)(
$10,465(saved(per(
QALY(lost(
03,187,000(
(09,778,000,(
2,994,000)(
16%(
0%(
U
BH
A&
2,909,000(
(1,261,000,(
4,790,000)(
0327(
(01,013,(388)( $8,896(lost(per(QALY(
lost(
016,652,000(
(045,950,000,(
13,608,000)(
14%(
0%(
CTH
A&
872,000(
(0327,000,(
2,228,000)(
514(
(183,(837)(
$1,696(lost(per(QALY(
gained(
20,715,000(
(6,413,000,(
34,366,000)(
100%(
97%(
U
TH
A&
10,603,000(
(8,750,000,(
12,979,000)(
488(
(148,(814)(
$21,(727(lost(per(
QALY(gained(
9,907,000(
(04,364,000,(
24,216,000)(
92%(
0%(
Patients&>&85&years&
CM
H
A&
01,307,000(
(01,626,000,(
01,025,000)(
016(
(0100,(74)(
$81,687(saved(per(
QALY(lost(
628,000(
(02,896,000,(
4,401,000)(
64%(
3%(
U
M
H
A&
1,231,000(
(404,000,(
2,212,000)(
0198(
(0747,(283)(
$6,217(lost(per(QALY(
lost(
09,535,000(
(032,569,000,(
10,506,000)(
20%(
4%(
CBH
A&
032,000(
(0538,000,(
469,000)(
017(
(0101,(75)(
$1,882(saved(per(
QALY(lost(
0689,000(
(04,326,000,(
3,217,000)(
34%(
0%(
U
BH
A&
4,021,000(
(2,417,000,(
6,436,000)(
0209(
(0750,(278)(
$19,239(lost(per(
QALY(lost(
012,781,000(
(035,368,000,(
8,154,000)(
12%(
0%(
CTH
A&
2,823,000(
(1,383,000,(
4,432,000)(
356(
(99,(590)(
$7,930(lost(per(QALY(
gained(
12,128,000(
(1,199,000,(
22,258,000)(
98%(
93%(
U
TH
A&
9,906,000(
(8,331,000,(
12,088,000)(
347(
(91,(587)(
$28,548(lost(per(
QALY(gained(
4,678,000(
(06,458,000,(
15,482,000)(
80%(
0%(
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4.2$ Changes$in$costs$over$5$years$(Change(to(cost(compared(to(baseline(practice(over(a(5(year(period(following(surgery(are(shown(in(Table(4=2.(These(values(account(for(the(cost(of(the(initial(surgery,(the(management(of(dislocations(and(revision(surgeries(performed(over(the(5(years.(((CBHA,(CTHA,(CMHA(and(UBHA(were(cost=saving(for(patients(<(75(years.(CMHA(and(CBHA(produced(cost=savings(for(patients(>75(years.((
$Figures(4=1,(4=3(and(4=5(demonstrates(the(changes(in(costs(after(5(years(on(the(y=axis(for(each(age(group.((Table(4=3(lists(the(probability(of(each(intervention(leading(to(reduced(costs(compared(to(the(baseline(group(over(5(years(for(each(age(group.(The(table(also(describes(the(probability(of(each(intervention(being(the(most(cost=saving(over(the(5(years.((CMHA(is(highly(likely(to(be(cost=saving(for(all(age(groups.(CBHA(is(highly(likely(to(be(cost=saving(for(patients(less(than(85(years(and(might(be(cost=saving(for(patients(greater(than(85.(CTHA(is(highly(likely(to(be(cost=saving(for(patients(less(than(75(years(but(not(for(other(age(groups.((Uncemented(prostheses(are(unlikely(to(be(cost=saving(in(any(age(group(except(for(UBHA(which(may(be(cost=saving(for(patients(less(than(75(years.(In(this(age(group,(CBHA(is(much(more(likely(to(be(cost=saving.((
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Table(453(Probability(of(cost5savings(over(5(years(
Prostheses(( Probability(of(achieving(
cost5savings(compared(to(
baseline(practice(
Probability(of(
achieving(the(
greatest(cost5
savings(
Patients(<75(years(CBHA(CTHA(CMHA(UBHA(UMHA(UTHA(
100%(100%(92%(58%(42%(0%(
56%(34%(9%(1%(0%(0%(
Patients(75585years(CMHA(CBHA(CTHA(UMHA(UBHA(UTHA(
100%(98%(12%(0%(0%(0%(
87%(13%(0%(0%(0%(0%(
Patients(>85(years(CMHA(CBHA(UMHA(UBHA(UTHA(CTHA(
100%(55%(1%(0%(0%(
0%(
100%(0%(0%(0%(0%(0%((
4.3 Change(in(QALYs(over(5(years((QALYs(accumulated(over(the(5(years(for(each(intervention(compared(to(baseline(practice(are(shown(in(Table(4=1.(Prostheses(are(listed(in(descending(order(for(each(age(group.(((CTHA(and(UTHA(led(to(QALY(gains(in(all(age(groups.(All(other(interventions(led(to(fewer(QALYs(than(current(practice.((Over(the(5(post=operative(years,(CTHA(and(UTHA(are(the(only(interventions(likely(to(improve(QALY(scores.(((
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Figures(4=1,(4=3(and(4=5(demonstrate(the(changes(in(QALYs(on(the(x=axis.((Table(4=4(lists(the(probability(of(each(intervention(leading(to(improved(QALYs(compared(to(baseline(practice(for(each(age(group.(It(also(details(the(probability(of(each(intervention(leading(to(the(greatest(number(of(QALYs(over(the(5(years.(
(
Table(454(Probability(of(improving(QALYs(
Prostheses(( Probability(of(improving(
QALYs(compared(to(
baseline(practice(
Probability(of(
achieving(the(
greatest(QALY(gains(
Age(<(75(years(CTHA(UTHA(UBHA(UMHA(CBHA(CMHA(
100%(100%(10%(9%(0%(0%(
94%(3%(3%(0%(0%(0%(
Age(755(85(years(CTHA(UTHA(UBHA(UMHA(CBHA(CMHA(
100%(100%(17%(16%(11%(9%(
97%(0%(2%(1%(0%(0%(
Age(>(85(years(CTHA(UTHA(CMHA(CBHA(UMHA(UBHA(
100%(100%(39%(38%(22%(21%(
78%(19%(1%(0%(2%(0%((( (
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4.4 Change(in(revision(surgeries(over(5(years((The(change(in(number(of(revision(surgeries(performed(over(5(years(compared(to(current(practice(are(listed(in(Table(4=2(for(each(age(group.(((CTHA,(CBHA(and(UBHA(led(to(fewer(revision(surgeries(for(patients(<75(years.(CBHA,(CMHA(and(CTHA(led(to(fewer(revision(surgeries(for(patients(75=85(years.(CMHA(and(CBHA(led(to(fewer(revision(surgeries(for(patients(>85(years.((
(CTHA(is(likely(to(lead(to(fewer(revision(surgeries(in(patients(less(than(85(years(only.(UTHA(is(unlikely(to(lead(to(fewer(revision(surgeries(in(any(age(group.(CBHA(is(highly(likely(to(lead(to(fewer(revision(surgeries(in(all(patients(and(CMHA(is(highly(likely(to(lead(to(fewer(revision(surgeries(in(patients(greater(than(75(years.((Table(4=5(lists(the(probability(of(each(intervention(leading(to(fewer(revision(surgeries((compared(to(baseline(practice(for(each(age(group.(It(also(details(the(probability(of(each(intervention(leading(to(the(largest(reduction(in(revision(surgeries(over(the(5(years.((Figures(4=2,(4=4(and(4=6(demonstrate(the(changes(in(revision(surgeries(over(5(years(for(each(age(group(on(the(x=axis.(( (
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Table(455(Probability(of(reducing(revision(surgeries(
Prostheses( Probability(of(reducing(revision(
surgeries(compared(to(baseline(
practice(
Probability(of(achieving(the(
greatest(reduction(in(revision(
surgeries(
Age(<(75(years(CTHA(CBHA(UBHA(UTHA(UMHA(CMHA(
99%(82%(75%(30%(20%(0%(
68%(13%(18%(1%(1%(0%(
Age(755(85(years(CBHA(CMHA(CTHA(UBHA(UMHA(UTHA(
97%(83%(69%(25%(5%(0%(
84%(7%(8%(1%(0%(0%(
Age(>(85(years(CMHA(CBHA(UMHA(CTHA(UBHA(UTHA(
98%(78%(35%(2%(2%(0%(
64%(33%(3%(0%(0%(0%((
4.5 Incremental(Cost5Effectiveness(Ratio((ICER),(Net(Monetary((
( ( Benefit((NMB)(and(Cost5effectiveness((The(ICER(was(determined(for(each(simulation(by(dividing(the(incremental(change(in(cost(by(the(incremental(change(in(health(outcome((revision(surgery(or(QALY).(These(values(have(been(reported(in(Tables(4=1(and(4=2(in(the(“Change(in(cost/change(in(revision(surgery”(and(“Change(in(cost/(change(in(QALY”(columns(respectively.(Table(4=1(reports(these(values(as(the(costs(saved(or(lost(at(the(time(of(initial(surgery(in(relation(to(the(number(of(revision(surgeries(avoided(or(accrued(compared(to(current(practice.(Therefore,(a(prosthesis(may(be(cost=saving(at(the(time(of(the(initial(surgery(but(lead(to(more(revision(surgeries.(Similarly,(Table(4=2(reports(these(values(as(costs(saved(or(lost(over(5(years(in(relation(to(QALYs(gained(or(lost.(((
Chapter(4(Results(
82(
The(NMB(for(each(prosthesis(over(5(years(is(listed(in(Tables(4=1(and(4=2.(Table(4.1(assesses(the(cost(at(the(time(of(initial(surgery(and(the(number(of(revision(surgeries(avoided(over(5(years.((Table(4.2(assesses(the(costs(and(QALYs(over(5(years(for(each(intervention.(((A(prosthesis(was(deemed(to(be(cost=effective(if(it(produced(a(positive(NMB.(Therefore,(the(likelihood(of(a(prosthesis(being(cost=effective(is(the(percentage(of(times(it(produced(a(NMB(during(the(1000(simulations.(This(is(represented(on(the(cost=effectiveness(planes(by(datapoints(that(fall(below((south=east)(of(the(WTP(line(and(the(percentages(are(reported(in(Tables(4=1(and(4=2.((
4.5.1 Costs(per(QALY(gained(at(WTP(of($40,000((CTHA(and(UTHA(produced(positive(NMB(for(all(age(groups.(CMHA(also(produced(a(NMB(gain(for(patients(>85(years.(Other(than(CTHA(and(UTHA,(no(other(intervention(is(cost=effective(for(any(age(group(from(a(QALY(perspective(except(for(CMHA(which(may(be(cost=effective(for(patients(greater(than(85(years.((CTHA(and(UTHA(are(likely(to(be(cost=effective(for(all(patient(groups(when(costs(and(QALYs(over(5(years(are(considered.((Table(4.2(lists(the(probability(of(each(intervention(leading(to(a(positive(NMB(compared(to(baseline(practice(for(each(age(group.(It(also(describes(the(probability(of(each(intervention(leading(to(the(greatest(NMB(over(the(5(years.((
4.5.2 Costs(per(revision(surgeries(avoided(at(WTP(of((
( $37,000((All(prostheses(except(UTHA(and(UMHA(produced(a(mean(NMB(for(patients(<75years.(CMHA(and(CBHA(produced(NMB(for(patients(>75years.(((CBHA(and(CTHA(produced(similar(NMBs(for(patients(<75(years.(CMHA(produced(the(highest(NMB(for(patients(>75(years.((
(
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Uncemented(prostheses(are(not(cost=effective(from(a(revision(surgery(perspective(for(any(patient(group(except(for(patients(less(than(75(years(where(UBHA(may(be(cost=effective.((
(CMHA(is(likely(to(be(cost=effective(from(a(revision(surgery(perspective(for(all(patient(groups.(CBHA(is(likely(to(be(cost=effective(for(patients(less(than(85(years(and(may(be(cost=effective(for(patients(greater(than(85(years.(CTHA(is(cost=effective(for(patients(less(than(75(years(when(revision(rates(are(considered(but(not(for(patients(greater(than(85(years.(((Table(4=1(lists(the(probability(of(each(intervention(being(cost=effective(compared(to(baseline(practice(when(revision(surgeries(are(the(health(outcome(measured.(It(also(describes(the(probability(of(each(intervention(being(the(most(cost=effective(intervention.(
( (
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Figure'4)1'Cost)effectiveness'plane'displaying'M
onte'Carlo'Sim
ulation'results'of'costs'and'Q
ALY'scores'over'5'years'for'patients'<75'
years''
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Figure'4)2'Cost)effectiveness'plane'displaying'M
onte'Carlo'Sim
ulation'results'of'initial'prosthesis'costs'and'revision'surgeries'
over'5'years'for'patients'<75'years''
'
'
'
/2500000(
/1500000(
/500000(
500000(
1500000(
2500000(
3500000(
4500000(
/150(
/100(
/50(
0(
50(
100(
Change'in'costs'($)'
Revision'surgeries'avoided'
UMHA(CMHA(UBHA(CBHA(UTHA(CTHA(WTP($37,000(per(revision(surgery(avoided(
Chapter(4(Results(
(
86(
Figure'4)3'Cost)effectiveness'plane'displaying'M
onte'Carlo'Sim
ulation'results'of'costs'and'Q
ALY'scores'over'5'years'for'patients'75)
85'years''
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(Figure'4)4'Cost)effectiveness'plane'displaying'M
onte'Carlo'Sim
ulation'results'of'initial'prosthesis'costs'and'revision'surgeries'
over'5'years'for'patients'75)85'years'
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Figure'4)5'Cost)effectiveness'plane'displaying'M
onte'Carlo'Sim
ulation'results'of'costs'and'Q
ALY'scores'over'5'years'for'
patients'>85'years'
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Figure'4)6'Cost)effectiveness'plane'displaying'M
onte'Carlo'Sim
ulation'results'of'initial'prosthesis'costs'and'revision'surgeries'
over'5'years'for'patients'>85'years'
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4.6$ Methodological$assumption$analysis$
4.6.1$Scenario$analyses$(Table(426(lists(compares(the(results(of(the(analysis(using(the(cost(data(of(the(most(commonly(used(prostheses(with(the(results(of(the(analysis(using(the(cheapest(available(prostheses.(No(change(in(the(relative(likelihood(of(cost2savings(or(cost2effectiveness(occurred(when(the(most(commonly(used(prostheses(were(assessed.(Only(minor(changes(in(magnitude(occurred.(
Table$4;6$ Scenario$analysis$where$the$price$of$the$most$commonly$used$
$ $ prostheses$have$been$assessed$(original$results$in$brackets)$
Prosthesis$ Probability$
of$cost;
savings$over$
5$years$
Prosthesis$ Probability$
of$being$
cost;
effective$
(revision$
surgery$
perspective)$
Prosthesis$ Probability$
of$being$
cost;
effective$
(QALY$
perspective)$
Patients$<$75$years$CBHA( 54%((56%)( CTHA( 46%((46%)( CTHA( 97%((97%)(CTHA( 35%((34%)( CBHA( 46%((48%)( UBHA( 2%((2%)(CMHA( 8%((9%)( CMHA( 4%((4%)( UMHA( 1%((1%)(UBHA( 3%((1%)( UBHA( 3%((1%)( CBHA( 0%((0%)(UMHA( 0%((0%)( UMHA( 1%((1%)( UTHA( 0%((0%)(UTHA( 0%((0%)( UTHA( 0%((0%)( CMHA( 0%((0%)(
Patients$75;85$years$CMHA( 84%((87%)( CMHA( 82%((85%)( CTHA( 98%((97%)(CBHA( 16%((13%)( CBHA( 18%((15%)( CMHA( 1%((1%)(UMHA( 0%((0%)( CTHA( 0%((0%)( UMHA( 1%((2%)(UBHA( 0%((0%)( UTHA( 0%((0%)( UBHA( 0%((0%)(CTHA( 0%((0%)( UMHA( 0%((0%)( CBHA( 0%((0%)(UTHA( 0%((0%)( UBHA( 0%((0%)( UTHA( 0%((0%)(
Patients$>$85years$CMHA( 100%((100%)( CMHA( 100%((100%)( CTHA( 91%((93%)(CBHA( 0%((0%)( UMHA( 0%((0%)( UMHA( 5%((4%)(UMHA( 0%((0%)( CBHA( 0%((0%)( CMHA( 4%((3%)(UBHA( 0%((0%)( UBHA( 0%((0%)( CBHA( 0%((0%)(UTHA( 0%((0%)( CTHA( 0%((0%)( UBHA( 0%((0%)(CTHA( 0%((0%)( UTHA( 0%((0%)( UTHA( 0%((0%)(((
Chapter(4(Results(
91(
(Table(427(lists(the(probability(of(each(intervention(being(cost2saving,(improving(QALYs(and(being(cost2effective(over(5(years.(These(results(stem(from(the(modification(of(the(original(analysis(such(that(the(dislocation(state(has(been(excluded.(Revision(and(mortality(rates(remain(unchanged.(The(probabilities(from(the(original(analysis(are(detailed(in(brackets.((Removing(the(dislocation(state(did(not(change(the(relative(probability(of(each(intervention(being(cost2saving,(health2improving(or(cost2effective(for(any(of(the(age(groups.(There(was(a(slight(reduction(in(the(probability(of(hemiarthroplasty(interventions(being(cost2saving,(health2improving(and(cost2effective.(
, ,
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,
Table,487,, Comparison,of,original,analysis,and,scenario,analysis,where,
, , the,dislocation,state,has,been,removed,from,the,analysis,,
, , (original,results,in,brackets),
Prostheses, Probability,
of,cost8
savings,over,
5,years,
Prostheses, Probability,
of,
improving,
QALYs,
Prosthes
es,
Probability,
of,being,
cost8
effective,
Patients,<75,years,CBHA(CTHA(CMHA(UBHA(UMHA(UTHA(
49%((56%)(42%((34%)(7%((9%)(2%((1%)(0%((0%)(0%((0%)(
CTHA(UTHA(UBHA(UMHA(CBHA(CMHA(
93%((94%)(6%((3%)(1%((3%)(0%((0%)(0%((0%)(0%((0%)(
CTHA(UBHA(UTHA(UMHA(CBHA(CMHA(
99%((97%)(1%((2%)(0%((1%)(0%((0%)(0%((0%)(0%((0%)(
Patients,75885years,CMHA(CBHA(CTHA(UMHA(UBHA(UTHA(
84%((87%)(16%((13%)(0%((0%)(0%((0%)(0%((0%)(0%((0%)(
CTHA(UTHA(UBHA(CBHA(UMHA(CMHA(
97%((97%)(1%((0%)(1%((2%)(1%((0%)(0%((1%)(0%((0%)(
CTHA(UBHA(UMHA(CMHA(CBHA(UTHA(
98%((97%)(1%((2%)(1%((1%)(0%((0%)(0%((0%)(0%((0%)(
Patients,>85,years(CMHA(CBHA(UMHA(UBHA(UTHA(CTHA,
99%((100%)(1%((0%)(0%((0%)(0%((0%)(0%((0%)(0%((0%)(
CTHA(UTHA(UMHA(CMHA(CBHA(UBHA(
73%((78%)(23%((19%)(3%((2%)(1%((1%)(0%((0%)(0%((0%)(
CTHA(UMHA(CMHA(CBHA(UBHA(UTHA(
92%((93%)(4%((4%)(3%((3%)(0%((0%)(0%((0%)(0%((0%)(( (
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(
4.6.2 Theatre,costing,time,analysis,(The(plotted(lines(on(the(following(graphs(represent(the(point(at(which(the(more(expensive(prosthesis(incurs(the(same(price(as(the(less(expensive(prosthesis(due(to(the(cost(of(extra(operating(theatre(time.(((
Figure,487,, Ratio,of,cost,per,minute,of,operating,theatre,time/,length,of,
, , extra,operating,theatre,time,representing,the,threshold,at,
, , which,UTHA,becomes,cost8neutral,to,CTHA,at,the,time,of,,
, , initial,surgery,((
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Figure,488,, Ratio,of,cost,per,minute,of,operating,theatre,time/,length,of,
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5 Chapter,5, Discussion,
5.1 Synthesis,and,interpretation,of,results,(Health2outcomes,(costs(and(cost2effectiveness(have(been(discussed(separately(and(the(contribution(of(each(outcome(in(decision2making(discussed.(The(limitations,(strengths(and(application(of(the(study(are(discussed(after(the(results.((
5.1.1 Health,outcomes,
5.1.1.1 QALYs,(CTHA(and(UTHA(were(the(only(interventions(to(produce(a(mean(gain(in(QALYs(and(this(occurred(in(all(age(groups.(THA(was(100%(likely(to(produce(increased(QALYs(for(all(age(groups.((No(HA(interventions(produced(a(mean(gain(in(QALYs(for(any(age(group.(While(the(probability(of(HA(causing(increased(QALYs(increased(with(each(age(group(this(never(exceeded(34%.((This(result(may(seem(surprising,(especially(in(older(age(groups,(where(modular(and(bipolar(hemiarthroplasty(have(been(found(to(have(lower(revision(rates(than(THA.(The(improved(performance(of(THA(when(QALY(outcomes(have(been(assessed(is(due(to(higher(scores(being(attributed(to(patients(in(the(stable(state(after(THA(compared(to(HA.(The(loss(of(QALYs(caused(by(the(greater(number(of(revision(surgeries(were(not(sufficient(to(overcome(the(lower(QALY(scores(of(patients(in(the(stable(state(throughout(the(5(years.(((All(cemented(prostheses(produced(higher(mean(QALY(scores(than(their(uncemented(counterpart.(However,(when(PSA(was(performed(for(patients(aged(75285(years,(UBHA(and(UMHA(were(more(likely(to(produce(QALY(gains(than(their(cemented(counterparts(and(this(result(reflects(the(uncertainty(and(variability(in(the(data(used(for(QALY(scores,(revision(and(dislocation(rates.((Furthermore,(the(values(for(uncemented(THA(patients(were(assumed(to(be(the(same(as(those(who(received(cemented(THA(as(no(study(has(analysed(the(difference(between(femoral(fixation(in(the(femoral(neck(fracture(population.(This(assumption(likely(overestimates(the(QALYs(gained(by(uncemented(THA(as(
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patients(who(receive(uncemented(THA(for(osteoarthritis(have(been(found(to(have(lower(QALY(scores(than(those(who(received(cemented(THA.(((The(data(used(to(inform(the(QALY(values(for(patients(in(the(stable(state(were(taken(from(small(RCTs(and(the(results(did(not(reach(statistical(significance.(Furthermore,(the(data(used(for(QALY(following(dislocation(and(revision(surgery(were(taken(from(separate(studies(and(assumed(to(be(generalizable(to(all(patients.(All(the(studies(assessed(patients(who(were(mobile(and(cognitively(intact(prior(to(their(fracture.(This(study(has(applied(these(QALY(scores(to(all(patient(groups(and(has(not(accounted(for(patients(who(have(had(a(lower(QALY(prior(to(their(fracture.((These(results(demonstrate(THA(to(be(effective(at(producing(greater(QALYs(following(femoral(neck(fracture(surgery(however(these(results(must(be(interpreted(with(caution.(When(comparing(these(results(to(those(from(the(analysis(where(revision(surgeries(was(the(health(outcome(of(interest,(it(is(interesting(to(note(the(difference(in(which(prostheses(produce(better(health(outcomes.(Therefore,(higher2powered(trials(assessing(clinically(relevant(patient(groups(and(including(assessment(of(QALYs(after(dislocation(and(revision(surgery(in(the(same(study(would(be(informative(in(determining(cost2effectiveness(in(this(population.(((
5.1.1.2 Revision,surgeries,(Revision(rates(following(arthroplasty(surgery(are(considered(a(surrogate(marker(for(successful(arthroplasty.(It(has(been(noted,(however,(that(revision(rates(may(not(account(for(a(low2functioning(arthroplasty(in(a(patient(who(is(unwilling(or(unable(to(undergo(further(surgery.(This(may(be(particularly(important(for(femoral(neck(fracture(patients(who(are(often(elderly(and(frail.(((Prostheses(that(lead(to(fewer(revision(surgeries(were(different(for(each(age(group.((
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Mean(number(of(revision(surgeries(performed(were(less(for(patients(aged(less(than(75(who(received(CTHA,(CBHA(and(UBHA.(The(likelihood(of(reducing(revision(surgeries(was(greatest(for(THA((100%)(and(least(for(UBHA((75%).((CBHA,(CMHA(and(CTHA(also(lead(to(fewer(mean(number(of(revision(surgeries(for(patients(75285(years.((The(greatest(likelihood(of(reducing(revisions(was(for(CBHA((99%)(and(least(for(CTHA((71%).(((CBHA(and(CMHA(lead(to(fewer(revision(surgeries(for(patients(greater(than(85(years.(CMHA(was(most(likely(to(reduce(revision(surgeries((100%)(followed(by(CBHA((86%).(No(uncemented(prostheses(performed(better(than(their(uncemented(counterpart.(((The(type(of(arthroplasty(most(likely(to(lead(to(fewer(revision(surgeries(was(CTHA(for(patients(less(than(75(years,(CBHA(for(patients(aged(75285(years(and(CMHA(for(patients(greater(than(85(years.((Data(used(from(the(AOANJRR(is(subject(to(the(limitations(of(an(observational(cohort(study(and(therefore,(despite(large(numbers(assessed,(is(affected(by(selection(bias.(In(particular(for(this(study,(surgeons(are(likely(to(use(THA(for(patients(who(had(very(good(mobility(and(health(status(prior(to(their(fracture.(The(registry(data(does(not(capture(patients(in(whom(the(prosthesis(has(failed(but(does(not(undergo(revision(surgery(due(to(other(patient(factors(such(as(co2morbidities(that(prohibit(operative(intervention.(Furthermore,(it(has(been(recognised(that(the(statistical(methods(used(by(the(registry(may(distort(revision(rates(due(to(the(high(competing(risk(of(mortality,(as(discussed(in(the(literature(review.(((
5.1.1.3 Comparison,of,results,when,QALYs,, , ,
, , and,revision,surgeries,analysed,(Results(varied(considerably(depending(on(whether(QALYs(or(revision(surgeries(were(used(as(a(marker(for(health(outcomes.(Most(notably,(THA(was(highly(likely(to(produce(greater(health(outcomes(when(QALY(was(assessed,(but(only(CTHA(was(likely(to(produce(better(health(outcomes(when(revision(rates(were(assessed(
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and(this(only(occurred(for(patients(<85(years.(CBHA(was(likely(to(produce(better(health(outcomes(in(all(age(groups(when(revision(rates(were(assessed(but(unlikely(to(do(so(when(QALY(scores(were(assessed.((Given(the(limitations(of(the(QALY(data(used,(it(is(premature(to(apply(the(results(of(this(analysis(clinically.(However,(these(results(highlight(the(effect(assessing(HRQoL(scores(can(have(on(perceptions(of(health(outcomes(and(makes(an(interesting(case(for(the(use(of(HRQoL(outcomes(as(a(research(priority(as(revision(rates(may(not(capture(the(full(outcomes(as(perceived(by(the(patient.(((
5.1.2 Costs,
5.1.2.1 Initial,surgery,(The(cost(of(initial(surgery(considers(the(cost(of(the(prosthesis,(fixation(products(and(operating(theatre(time.(The(order(from(least(to(most(expensive(is(the(same(for(all(age(groups(as(the(prices(were(independent(of(age.(The(change(in(cost,(however,(differed(in(each(age(group(due(to(different(population(sizes(and(also(different(practice(in(the(baseline(groups.(((The(order(of(prostheses(from(least(to(most(expensive(were:(CMHA2>(CBHA(2>(UMHA(2>(CTHA(2>(UBHA(2>(UTHA.((In(patients(less(than(75(years,(all(prostheses(except(UBHA(and(UTHA(would(produce(a(cost2saving(compared(to(current(practice(if(they(were(adopted(universally.(For(patients(75285years,(only(CMHA(and(CBHA(would(produce(a(cost2saving(and(only(CMHA(would(produce(a(cost2saving(for(patients(greater(than(85(years.(These(discrepancies(are(due(to(more(expensive(prostheses(being(used(in(the(younger(age(groups.(((A(decision2maker(interested(in(short2term(cost2savings(only(may(seek(to(implement(the(use(of(CMHA(for(all(patients.(However,(this(decision(would(not(consider(the(costs(associated(with(the(possibility(of(higher(revision(rates(in(some(patients(leading(to(higher(costs(over(a(longer2term(period.(Nor(does(it(consider(the(effect(on(health(outcomes.((
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5.1.2.2 Changes,in,costs,over,5,years,(When(the(costs(of(revision(surgeries(and(dislocations(are(also(included(in(the(analysis,(the(order(of(cost2savings(changes(amongst(the(prostheses,(especially(amongst(younger(patients.((CMHA(remains(the(cheapest(option(for(patients(greater(than(75(years.(It(is(also(more(than(90%(likely(to(produce(cost2savings(for(patients(less(than(75years.(However,(CBHA(and(CTHA(both(become(less(expensive(than(CMHA(for(patients(for(patients(less(than(75(years(and(cost2savings(can(be(predicted(to(occur(with(more(than(99%(probability(for(each(of(these(prostheses.((The(most(likely(types(of(arthroplasty(to(lead(to(cost2savings(over(5(years(were(CBHA(for(patients(less(than(75(years(and(CMHA(for(patients(greater(than(75(years.((A(decision2maker(can(be(confident(that(increased(use(of(uncemented(prostheses(would(increase(costs.(CMHA(is(the(most(likely(prostheses(to(reduce(costs(although(CTHA(and(CBHA(are(more(likely(to(reduce(costs(in(patients(less(than(75(years.((Again,(this(perspective(does(not(consider(the(effect(of(health(outcomes(on(patients(but(it(does(consider(the(effect(of(dislocations(and(revision(surgeries(on(health(expenditure(over(5(years.((
5.1.3 Cost8effectiveness,(As(previously(discussed,(cost2effectiveness(was(assessed(from(two(perspectives:(QALYs(gained(and(revision(surgeries(avoided.((In(terms(of(the(NMB(gained(by(each(intervention,(both(the(rank(order(and(magnitude(of(NMB(differed(between(the(different(analyses.(Similarly,(the(likelihood(of(an(intervention(being(cost2effective(also(differed(for(most(interventions.(From(the(perspective(of(a(health(service(director,(analysis(comparing(QALY(outcomes(is(preferred(to(inform(decisions(as(these(values(provide(holistic(information(on(the(patient’s(perspective(of(their(health(state.(
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However,(surgeons(would(be(hesitant(to(make(decisions(on(this(information(unless(high(quality(QALY(data(was(available(on(which(to(formulate(the(analysis.(As(high2quality(data(has(not(yet(been(accumulated,(surgeons(continue(to(use(revision(rates(as(the(quantifier(of(arthroplasty(failure.(Therefore,(the(results(from(the(two(perspectives(have(been(included(in(this(study.(((When(revision(surgeries(were(the(outcome(assessed,(CBHA(and(CMHA(were(the(most(likely(to(be(cost2effective(for(patients(less(than(75(years(and(CMHA(was(the(most(likely(to(be(cost2effective(for(patients(greater(than(75(years.(In(contrast,(when(QALYs(were(the(outcome(assessed,(CTHA(was(the(most(likely(intervention(to(be(cost2effective(for(all(age(groups.((When(QALYs,(were(assessed,(a(mean(positive(NMB(was(achieved(by(both(CTHA(and(UTHA(in(all(age(groups.(CMHA(was(the(only(other(intervention(to(produce(a(positive(NMB(and(this(occurred(in(patients(greater(than(85(years(and(at(a(lower(magnitude(than(CTHA(and(UTHA.((In(contrast,(no(uncemented(prosthesis(except(UBHA(in(patients(less(than(75(years(achieved(a(positive(mean(NMB(when(revision(surgeries(were(assessed(as(the(major(health(outcome.(Most(notably,(this(includes(UTHA(which(achieved(positive(NMBs(for(all(ages(when(QALYs(were(the(main(health(outcome.(Furthermore,(CTHA(only(produced(a(positive(mean(NMB(in(patients(less(than(75years(and(this(was(at(a(lesser(magnitude(than(CBHA.((CBHA(and(CMHA,(which(did(not(produce(positive(NMBs(in(the(original(analysis,(produced(the(highest(NMBs(for(all(age(groups((except(patients(less(than(75(years(for(whom(CTHA(produced(the(2nd(highest(NMB)(when(revision(surgeries(avoided(were(considered.((CTHA(performed(in(patients(less(than(75(years(was(the(only(intervention(that(had(a(high(probability(of(being(cost2effective(in(both(analyses.(((CTHA(and(UTHA(were(the(only(interventions(likely(to(be(cost2effective(in(the(original(analysis,(with(CTHA(more(likely(than(UTHA.(
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(In(contrast,(CMHA(and(CBHA(were(the(only(interventions((except(for(CTHA(in(the(less(than(75(years(age(group)(likely(to(be(cost2effective(for(all(ages(with(CBHA(more(likely(in(younger(age(groups(and(vice2versa.((The(exclusion(of(the(dislocation(state(did(not(alter(the(results(of(the(original(analysis(in(a(meaningful(way.(Neither(did(the(inclusion(of(the(cost(of(dislocation(over(5(years(significantly(change(the(results(of(the(alternative(analysis.(This(suggests(that(dislocations(managed(with(closed(reduction,(which(occur(infrequently(but(more(often(with(THA(than(HA,(do(not(affect(the(cost2effectiveness(of(the(prostheses.(It(is(possible(dislocations(that(require(revision(surgery(would(have(a(significant(effect(but(this(has(not(been(specifically(assessed(in(this(study(as(all(revision(surgeries(have(been(assessed(as(1(group(without(differentiating(the(indication(for(revision.(((As(previously(discussed,(these(findings(highlight(the(effect(selection(of(outcome(measure(can(have(on(results.(Using(these(results,(a(decision2maker(could(confidently(elect(to(choose(cemented(prostheses(for(all(patients.(Beyond(this(decision,(it(is(debatable(whether(CTHA,(CBHA(or(CMHA(would(be(more(appropriate.(Given(the(discrepancy(in(results(between(different(health(outcome(measures(it(would(be(worthwhile(investigating(the(HRQoL(outcomes(following(CTHA,(CBHA(and(CMHA(in(different(patient(groups(with(high2powered(studies.(((
5.2 Limitations,
5.2.1 Population,selection,(The(application(of(this(study(to(clinical(decision(making(is(significantly(limited(by(the(method(of(population(selection.(Surgeons(rarely(make(clinical(decisions(based(on(chronological(age(alone.(This(method(of(differentiating(patient(groups(was(used(because(it(does(reflect(some(changes(in(pre2operative(health(and(mobility(and(post2operative(expectations.(Certainly,(the(difference(in(mortality(rates(between(the(age(groups(and(also(differences(in(current(practice(for(these(groups(demonstrates(significant(differences(on(a(population(level.(However,(for(an(individual(patient(there(are(many(other(factors(to(consider(when(deciding(on(prosthesis(choice.(Important(considerations(such(as(pre2operative(mobility,(use(
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of(walking(aids,(co2morbidities(and(cognitive(status(have(not(been(analysed(in(the(study.(These(factors(have(not(been(included(due(to(the(complexity(associated(with(defining(such(groups(and(developing(data(for(them(as(there(is(currently(little(available.(Most(studies(in(this(area(have(been(performed(on(patients(who(were(mobile(prior(to(their(fracture(and(cognitively(intact(with(a(median(age(of(approximately(80years.(The(application(of(data(from(these(studies(to(all(patients,(as(has(been(done(in(this(analysis,(may(produce(results(that(are(not(reflective(of(the(true(expected(outcome(for(some(patients.(Therefore,(further(research(could(be(undertaken(to(investigate(these(groups(further.((
5.2.2 Cost,data,(Costing(data(from(the(Government’s(prosthesis(list(may(have(limited(application(for(hospitals(that(receive(discounted(prices(for(prostheses(and(this(is(a(common(practice.(Prices(paid(by(hospitals(are(not(readily(available(for(analysis.(However,(the(prices(are(likely(reflective(of(relative(price(differences.(Furthermore,(there(is(a(large(variability(in(prices(of(prostheses(within(the(same(category((e.g.(cemented(femoral(stems).(For(this(reason,(the(least(expensive(option(was(selected(for(all(products(in(the(original(analysis.((Once(again,(similar(relative(price(differences(occur(when(more(expensive(products(from(each(class(occur(and(no(difference(in(results(was(found(when(the(most2used(prostheses(were(assessed(in(the(scenario(analysis.(((Costs(for(revision(surgeries(and(reduction(of(dislocations(may(be(variable(at(other(hospitals.(It(has(previously(been(noted(that(orthopaedic(operations(cost(significantly(different(amounts(at(different(hospitals(even(within(the(same(state.(Furthermore,(few(revision(surgeries(for(HA(were(documented(in(the(data(used(to(inform(this(analysis(so(it(was(assumed(these(operations(cost(the(same(regardless(of(initial(surgery.(((
5.2.3 Revision,rates,(As(previously(mentioned,(the(data(for(revision(rates(are(taken(from(observational(cohort(datasets(and(as(such(are(subject(to(selection(bias.(
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Furthermore,(statistical(analysis(may(distort(the(results(of(this(data,(as(previously(discussed.((
5.2.4 QALY,scores,(As(previously(discussed,(QALY(data(for(the(stable(state(came(from(RCTs(whose(results(were(not(statistically(significant.(Whether(this(is(because(the(study(was(not(highly(powered(enough(or(there(truly(was(no(significant(difference(is(unclear.(This(study(has(assumed(the(results(published(are(reflective(of(likely(QALY(differences(as(this(has(been(found(in(larger(studies(comparing(QALYs(following(elective(arthroplasty(surgery(and(also(observational(studies.(However,(the(weakness(of(this(data(must(be(acknowledged(especially(in(the(context(of(the(discrepancy(in(results(when(revision(surgery(was(used(as(the(health(outcome(measure.((It(may(be(beneficial(to(perform(future(studies(to(determine(the(change(in(QALYs(between(interventions.(Practically,(this(may(be(achievable(through(hip(fracture(registries(although(this(data(will(likely(be(limited(by(the(observational(nature(and(the(impracticality(of(determining(pre2fracture(scores(to(truly(assess(the(difference(achieved(by(the(prosthesis.(((Joint2specific(HRQoL(outcomes(scores(or(other(global(health(and(functionality(scores(may(be(of(value(in(analysing(outcomes(after(this(surgery.(Methods(of(standardising(the(quantification(of(outcome(measures(will(be(of(benefit(in(making(cost2effective(decisions(in(this(regard.((
5.3 Strengths, , ,
5.3.1 Reproducibility,and,transparency,(Having(identified(the(limitations(of(the(results(from(this(study(due(to(data(limitations,(it(is(worth(noting(the(value(in(the(reproducibility(of(this(study.(Having(outlined(the(model(and(methods(for(analysis,(it(is(possible(for(decision2makers(to(change(data(inputs(to(run(the(model(themselves.(Furthermore,(amendments(to(the(model(can(be(made(to(exclude(or(include(states(held(in(
Chapter(5(Discussion(
105(
greater(importance.(They(can(then(determine(the(most(cost2effective(treatment(methods(from(their(institution’s(or(health(system(standpoint.(((Similarly,(cost2effectiveness(analyses(are(open(to(bias(in(the(selection(of(parameters(assessed(and(datasets(chosen(for(input.(This(analysis(is(transparent(in(describing(the(methodology,(data(inputs(and(sources(of(data.(As(such,(the(validity(of(the(analysis(for(each(decision(maker’s(institution(can(be(considered.((
5.3.2 Sensitivity,analysis,(As(previously(mentioned,(uncertainty(exists(in(costs,(health(outcomes,(dislocation,(revision(and(mortality(rates(for(this(analysis.(The(use(of(probabilistic(sensitivity(analysis(allows(this(uncertainty(to(be(incorporated(into(the(analysis(to(inform(decision2makers(of(the(probability(of(the(outcome(they(are(interested(in.(This(enables(a(more(informed(decision(for(decision(makers(who(may(be(hesitant(to(change(practice(when(the(evidence(base(is(equivocal,(as(is(often(the(case(in(medical(practice.((
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6 Chapter,6, Conclusions,and,Recommendations,
6.1 Main,findings,(Cemented(prostheses(are(less(expensive,(achieve(larger(QALY(gains(and(lead(to(fewer(revision(surgeries(than(their(uncemented(counterparts(in(all(age(groups.(((Results(differ(between(age(groups(and(also(whether(revision(surgeries(or(QALY(scores(were(used(as(the(health(outcome(measure.(Interventions(that(may(be(cost2saving(at(the(time(of(initial(surgery(may(be(more(expensive(over(5(years(if(they(lead(to(greater(revision(surgeries.(((CTHA(is(the(most(likely(intervention(to(be(cost2effective(in(all(age(groups(when(QALY(scores(are(the(measured(health(outcome.(It(is(likely(to(be(cost2effective(in(patients(less(than(75(years(compared(to(current(practice(when(revision(surgeries(are(the(measured(health(outcome.(However,(CBHA(and(CMHA(are(the(most(likely(to(be(cost2effective(in(patients(less(than(75(years(when(revision(surgeries(are(the(outcome(assessed.(CTHA(is(unlikely(to(be(cost2effective(in(patients(greater(than(75(years(when(revision(surgeries(are(the(measured(health(outcome.(In(this(instance,(CMHA(is(the(most(likely(intervention(to(be(cost2effective.((
6.2 Implications,of,the,findings,(This(study(reaffirms(published(recommendations(that(cemented(prostheses(be(used(for(arthroplasties(performed(in(femoral(neck(fracture(patients.(To(simplify(future(research,(uncemented(prostheses(could(be(omitted(from(analysis(unless(evidence(becomes(apparent(to(challenge(the(costs,(revision(rates(or(diminished(QALY(scores(attributed(to(these(prostheses(in(this(study.((Revision(rates(do(not(correlate(with(the(utility(scores(used(in(this(study(in(measuring(health(outcomes(after(arthroplasty(for(femoral(neck(fractures.(However,(the(utility(values(used(in(this(study(were(taken(from(low2powered(studies.(Given(the(difference(in(results(between(when(revision(surgeries(and(QALY(scores(were(the(health(outcomes(measured,(further(investigation(of(patients’(preference(based(value(of(health(states(would(be(informative(in(
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determining(which(prostheses(lead(to(better(health(outcomes(from(the(patient’s(perspective.((Clinical(application(beyond(recommending(cemented(prostheses(is(limited(due(to(difficulty(in(assessing(clinically(relevant(patient(groups.(Chronological(age(is(only(one(factor(surgeons(consider(when(deciding(on(prosthesis(choice.(This(study(reaffirms(the(use(of(CTHA(in(young(patients(and(makes(an(argument(that(it(would(be(cost2effective(for(all(patients(who(would(receive(greater(functional(benefits(from(this(prosthesis.(((
6.3 Directions,for,further,research,(This(study(has(highlighted(four(main(areas(where(further(research(would(be(of(value(in(improving(the(evidence(base(for(decision(making(in(this(area.((Firstly,(reliable(methods(of(collecting(patient(reported(health(outcomes(and(further(investigation(of(appropriate(outcome(measures(in(these(patients(would(be(informative.(Initiatives(such(as(the(collection(of(PROMs(following(elective(arthroplasty(in(Australia(and(the(UK,(through(the(JRR(and(ACORN(respectively,(could(potentially(be(applied(to(femoral(neck(fracture(patients(through(hospital(or(national(hip(fracture(databases.(((Secondly,(improved(accuracy(of(costing(data(would(be(of(interest.(In(particular,(it(would(be(interesting(to(quantify(the(variation(in(prosthesis(pricing(between(health(services(to(determine(the(effect(variable(procurement(methods(may(have(on(cost2effectiveness(of(arthroplasty(in(this(field.(((Thirdly,(methods(of(differentiating(clinically(relevant(patient(populations(would(assist(in(applying(this(field(of(study(to(clinical(practice.(This(study(has(found(HRQoL(outcomes(can(have(a(significant(effect(on(cost2effectiveness(and,(therefore,(patients(expected(to(survive(beyond(the(first(post2operative(year(would(be(expected(to(benefit(from(different(prostheses(to(those(who(have(a(high(mortality(risk(in(the(first(post2operative(year.(((
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Finally,(the(role(of(monoblock(prostheses(in(the(arthroplasty(management(of(femoral(neck(fracture(patients(could(be(investigated(further,(particularly(in(low2demand(fractures(with(a(high2risk(of(imminent(post2operative(mortality.(,(
6.4 Conclusion,(In(conclusion,(this(study(has(identified(clinical(practice(variation(in(the(arthroplasty(management(of(femoral(neck(fractures.(It(has(identified(discrepancies(in(results(of(cost2effectiveness(when(preference(based(values(of(health(states(are(used(to(measure(health(outcomes(rather(than(revision(rates.(This(study(finds(uncemented(prostheses(to(be(more(costly(and(lead(to(fewer(QALYs(and(more(revision(surgeries(than(cemented(prostheses.(When(QALYs(are(the(health(outcome(measured,(CTHA(is(the(most(cost2effective(intervention(for(all(age(groups(however(this(is(not(the(case(when(revision(surgeries(are(the(outcome(measured.(Further(research(into(population(groups,(data(collection(and(analysis(methods(for(health(outcomes(and(costing(data(would(be(of(benefit(to(inform(further(study.(Further(study(would(be(beneficial(to(enable(more(efficient(resource(use(in(the(management(of(femoral(neck(fractures.(
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SA
MP
LE
 
PaJe _ 5 
 
FLJXUe 1  EQ-5D-3L U. EnJlLsK saPSle YeUsLon 
 
B\ SODFLQJ D WLFN LQ RQH ER[ LQ HDFK JURXS EHORZ SOHDVH LQGLFDWH ZKLFK VWDWHPHQWV  
EHVW GHVFULEH \RXU RZQ KHDOWK VWDWH WRGD\. 
 
 
MobLlLt\ 
I KDYH QR SUREOHPV LQ ZDONLQJ DERXW  
I KDYH VRPH SUREOHPV LQ ZDONLQJ DERXW  
I DP FRQILQHG WR EHG  
 
Self-CaUe 
I KDYH QR SUREOHPV ZLWK VHOI-FDUH  
I KDYH VRPH SUREOHPV ZDVKLQJ RU GUHVVLQJ P\VHOI  
I DP XQDEOH WR ZDVK RU GUHVV P\VHOI  
 
UsXal ActLYLtLes e.g. work, study, housework, family or 
leisure activities) 
I KDYH QR SUREOHPV ZLWK SHUIRUPLQJ P\ XVXDO DFWLYLWLHV  
I KDYH VRPH SUREOHPV ZLWK SHUIRUPLQJ P\ XVXDO DFWLYLWLHV  
I DP XQDEOH WR SHUIRUP P\ XVXDO DFWLYLWLHV  
 
PaLnDLscoPfoUt 
I KDYH QR SDLQ RU GLVFRPIRUW  
I KDYH PRGHUDWH SDLQ RU GLVFRPIRUW  
I KDYH H[WUHPH SDLQ RU GLVFRPIRUW  
 
An[Let\DeSUessLon 
I DP QRW DQ[LRXV RU GHSUHVVHG  
I DP PRGHUDWHO\ DQ[LRXV RU GHSUHVVHG  
I DP H[WUHPHO\ DQ[LRXV RU GHSUHVVHG  
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O
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e
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C
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B
U
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R
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E
M
E
N
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N
O
Y
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S
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if m
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C
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p
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O
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P
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T
E
 T
H
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 S
E
C
T
IO
N
 IN
 FU
LL
 
(IF
 B
ILA
T
E
R
A
L U
S
E
 TW
O
 F
O
R
M
S)   
O
P
E
R
A
T
IO
N
 D
A
T
E
 
…
…
…
/…
…
…
/…
…
…
…
 
 
L
 
 
R
 
 
 
P
R
IM
A
R
Y
 H
IP
 
R
E
V
IS
IO
N
 H
IP
 
Includes U
nipolar (A
ustin M
oore/Thom
pson T
ype), B
ipolar or T
H
R 
Includes rem
oval, exchange or addition of one or m
ore com
ponents 
D
IA
G
N
O
S
IS
 
D
IA
G
N
O
S
IS
 (T
ick m
ore than on
e b
ox if applicab
le) 
O
steoarthritis …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
 
Loosening …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
 
R
heum
atoid A
rthritis …
…
…
…
…
…
…
…
…
…
…
…
…
 
 
Lysis …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
 
O
ther Inflam
m
atory A
rthritis…
…
…
…
…
…
…
…
…
 
 
D
islocation…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
 
O
steonecrosis/A
vascular N
ecrosis…
…
…
…
…
…
…
 
Infection…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
 
D
evelopm
ental D
ysplasia…
…
…
…
…
…
…
…
…
…
…
 
Im
plant B
reakage  
       Stem
 …
…
…
…
…
…
 
 
Fractured N
eck of Fem
ur…
…
…
…
…
…
…
…
…
…
…
 
                                    A
cetabular …
…
…
 
T
um
our specify…
…
…
…
…
…
…
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…
…
…
…
…
…
…
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…
…
…
…
…
…
…
…
…
…
…
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O
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…
…
…
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…
…
…
…
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O
P
E
R
A
T
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E
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P
P
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O
A
C
H
 (T
ick one box on
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Posterior  
  
Lateral  
  
A
nterior  
 
O
ther specify…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
 
 
P
la
ce P
A
T
IE
N
T
 D
E
T
A
IL
S
 la
b
e
l h
e
re
 
 
a
n
d
/
o
r 
 
 if a
n
y
 p
a
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n
t d
e
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ils a
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o
t a
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b
le
 o
n
 th
e
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o
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l la
b
e
l p
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a
se
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m
p
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te
 b
e
lo
w
 
 
 
 N
am
e of H
ospital:  …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
. 
State: …
…
…
…
…
…
…
…
  
C
onsultant Surgeon C
ode:  …
…
…
…
…
…
…
…
 
 W
e
ig
h
t (kg) …
…
…
…
…
 
H
e
ig
h
t (cm
) …
…
…
…
…
  
 
     A
S
A
 …
…
…
… 
    Surnam
e:   …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
  
Fem
ale: 
 
 
M
ale:  
 
First N
am
e:   …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
M
iddle Initial: …
…
…
  
A
ddress:  …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
               …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
Post C
ode:   …
…
…
…
…
.  
H
ospital Patient N
o: …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
… 
D
O
B
:  …
…
/…
…
/…
..…
…
 
M
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o:
          
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
… 
D
V
A
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o. …
…
…
…
…
…
…
…
…
…
…
…
…
…
…
…
 
 
 
 
 
 
 
 
         (If applicable) 
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(
Calculating(the(Standard(Error((SE)(
Where(95%(confidence(intervals(were(reported,(the(following(calculation(was(used(to(determine(the(standard(error:((SE( =( (upper(95%CID(lower(95%CI)/3.92((Where(a(mean(difference((and(pDvalue(was(reported,(the(following(calculations(were(used:((SE( =( intervention(effect(estimate((e.g.(mean(difference)/Z(((Z( =( abs(norminv(pDvalue/2))((
(
Method(to(fit(prior(distributions((Probabalistic(Value( =( BETAINV((RAND(),(alpha,(beta)((Probabalistic(Value( =( GAMMAINV(RAND(),(alpha,(beta)((Alpha( =( Mean(x((Mean(x(1DMean)/(SE..2)D1)(Beta( =( Mean(x((1DMean)/(SE..2)D1Dalpha(
((((
